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3.2 Water Resources and
Geochemistry

3.2.1 Affected Environment

3.2.1.1 Hydrologic Setting

The Phoenix Project is located within two major
hydrographic areas of Nevada, the Humboldt River
basin and the Central Region (Figure 3.2-1). The
hydrologic study area for the project encompasses
approximately 470 square miles of terrain, ranging
from mountains and hillslopes to alluvial fans and
playas. Major drainage features within the study
area are shown in greater detail in Figure 3.2-2.
Elevations within the hydrologic study area range
from approximately 4,500 feet amsl along the
Humboldt River near the town of Battle Mountain to
approximately 8,550 feet amsl at North Peak.
Elevations in the proposed project area range from
about 4,360 feet to 6,750 feet amsl. Major surface
channel networks within the hydrologic study area
include a portion of the Humboldt River to the
northeast, part of the Reese River drainage in the
south and east, and Buffalo Valley in the west.

Mean annual precipitation within the hydrologic
study area varies according to elevation, as is
typical within the Basin and Range province (Maxey
and Eakin 1949). Typically, the months with the
greatest precipitation are March, May, and
November. During the winter months, precipitation
generally occurs as snow at elevations higher than
5,500 feet amsl (Baker Consultants, Inc. 1997a).

As is typical for arid areas, the actual amount of
precipitation in the region varies considerably from
year to year. This is exemplified in the recent wet
and dry cycles that have occurred over the last
10 years in northern Nevada. As an illustration,
Table 3.2-1 presents precipitation data for several
National Weather Service precipitation stations in
the region. As can be seen from the data,
precipitation amounts have been higher in more
recent years (particularly 1996 and 1998) than the
historical averages. In addition, rain-on-snow events
caused high runoff conditions in much of Nevada in
early 1997 (U.S. Geological Survey 1998). Such
events have occurred at other times and locations,
most notably in the project area during late March
and early April of 1998 (Brown and Caldwell 1998c).
Average annual snowfall near the town of Battle
Mountain is 21.43 inches (Brown and Caldwell
1999a) and may be considerably higher in the

project area. Monitoring records indicate that snow
accumulations in the Battle Mountain area were 240
to 250 percent above normal in early 1998 (Natural
Resources Conservation Service 1999).  Calendar
year 1998 was by far the wettest year of record
(1944 to 1999) at the weather station near the town
of Battle Mountain; in the first half of the year, over
13 inches of precipitation fell (Western Regional
Climate Center 1999), and it is likely that additional
precipitation occurred at the higher elevations of the
project area. Although these station values are not
necessarily representative of precipitation
magnitudes in the project area, they do indicate the
general precipitation trends in the region.

Evaporation from shallow lakes, wet soils, or other
moist natural surfaces is estimated to be 42 to
44 inches per year in the Battle Mountain vicinity
(National Oceanic and Atmospheric Administration
1982, Baker Consultants, Inc. 1997a, Houghton, et.
al. 1975). On average, approximately 32 inches of
evaporation occurs from May to October. Rates
somewhat less than these may occur at higher
elevations. The amount of water consumed by
evapotranspiration may vary considerably from
these values. Evapotranspiration is discussed later
in more detail in the Aquifer Recharge and
Discharge subsection.

3.2.1.2 Surface Water

Surface Water Flows

Flow measurements have been made at selected
gaging locations throughout the Humboldt River
basin. Historically, gaging by federal and state
agencies has been concentrated on the Humboldt
River itself and its major tributaries.

As shown in Figure 3.2-3, the reach of the
Humboldt River nearest the hydrologic study area
lies near the existing U.S. Geological Survey gage
at the town of Battle Mountain (gage number
10325000). The Battle Mountain gage has had a
stage recorder in place since 1945, with non-
recording measurements taken sporadically since
1896. The modern record at this location is
discontinuous; there is a gap in the data between
September 1981 and February 1991. Based on the
recorded data, the average annual flow rate at this
gage was 343 cubic feet per second, or
approximately 248,500 acre-feet per year. The
highest recorded annual mean was 889 cubic feet
per second (644,000 acre-feet per year) in 1971.
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Table 3.2-1
Precipitation Amounts

Precipitation Station
Average Annual

Precipitation (inches)

1995
Precip.
(inches)

1996
Precip.
(inches)

1997
Precip.
(inches)

1998
Precip.
(inches)

Battle Mountain 7.77 5.74 12.20 9.05 16.79
Golconda 7.46 9.72 10.61 6.33 10.73
Paradise Valley 1 NW 9.53 13.98 13.97 7.20 19.59
Winnemucca Municipal
Airport

8.33 9.82 10.70 7.88 15.61

Source: Western Regional Climate Center 1999.

The lowest annual mean was 54.5 cubic feet per
second (39,500 acre-feet per year) in 1955. The
largest recorded instantaneous peak flow was 5,800
cubic feet per second on May 3, 1952, but other
measurements in the region indicate that larger
flows probably occurred in the early 1980s, when
the Battle Mountain gage was not operating (U.S.
Geological Survey 1998).  During the low-flow
months of September and October, gage records
indicate that the flow rate in the Humboldt River
often falls to zero cubic feet per second.

Beneficial uses of surface water in the Humboldt
River basin include agriculture, mining, and other
industrial uses and municipal and domestic uses.
Agricultural activities comprise the dominant human
uses of surface water in the region.  Irrigation
withdrawals of approximately 194,000 acre-feet/year
occur above the Battle Mountain gage (Emmet et.
al. 1994).  Numerous legal cases and decisions are
used to administer water rights in the region.  The
surface water resources of the Humboldt River area
are over appropriated, meaning that there is more
legally registered demand than supply.

During 1995 and 1996, additional surface water
baseline information was collected in the hydrologic
study area by JBR and Baker Consultants, Inc.
Surface water flow monitoring stations (including
springs) are shown in Figure 3.2-3. Flow monitoring
data at these stations are presented in JBR 1996d,
1996g, and Baker Consultants Inc. 1997a.  The flow
characteristics of surface water features are
discussed in the following paragraphs.

Within the hydrologic study area, the major tributary
to the Humboldt River is the Lower Reese River
Valley (Hydrographic Area). Intermittent flows occur

along most of the Reese River within the hydrologic
study area. In general, most of the surface flow
either infiltrates the regional ground water system or
is consumed by evapotranspiration. Site visits
indicate that reaches of the Reese River in the
project vicinity often contain water in isolated pools
and that sporadic changes from flowing to dry
conditions occur over a matter of a few days (Baker
Consultants, Inc. 1997b).

Although no regular monitoring or gaging has
occurred on lower portions of the Reese River,
recent visual observations indicate that the lower
reaches (within 4 miles of the town of Battle
Mountain) contained water in the winter of 1995 and
the summer of 1996 (Baker Consultants, Inc.
1997a). Small flow rates were measured there and
farther upstream in the spring of 1996 (Baker
Consultants, Inc. 1997a; JBR 1996d, 1996g). In
past years, flows from the Reese River have been
estimated to contribute approximately 5,000 acre-
feet seasonally to the Humboldt River during the
spring when higher flows from snowmelt and
precipitation reach the mainstream (Eakin and
Lamke 1966).

In the Lower Reese River Valley Hydrographic Area,
existing and proposed BMG project components
are located in two watersheds: Philadelphia Canyon
and Galena Canyon (Figures 3.2-2 and 3.2-3).
Philadelphia Canyon, Iron Canyon, and the drainage
downstream, Galena Canyon, and their tributaries
are ephemeral streams.

Smaller watersheds in the northcentral section of
the project hydrologic study area are located in the
Clovers Hydrographic Area (Figure 3.2-1). The
dominant drainages within this area are
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Cottonwood Creek and Trout Creek (Figure 3.2-2),
which drain northward to the Humboldt River. A flow
of approximately 163 gallons per minute (0.36 cubic
feet per second) was measured at the most
downstream monitoring location on Cottonwood
Creek in June of 1996. The most downstream
measurement along Trout Creek was approximately
506 gallons per minute (1.25 cubic feet per second)
at the same time. These streams may be perennial
in their upper reaches within mountainous terrain.
No stream flow measurements have been taken at
downstream locations closer to the Humboldt River.
It is reasonable to expect that these streams
become intermittent or ephemeral in their lower
reaches because of seepage losses on the alluvial
fan system to the north. Other than small seasonal
flows from snowmelt runoff or an occasional storm,
contributions to Humboldt River flows from these
drainages are probably insignificant. No existing or
proposed BMG project components lie within the
Clovers Area.

The majority of the existing BMG operations, as
well as many of the proposed project components,
are located in Copper Canyon (Figure 3.2-2), which
lies within the Buffalo Valley Hydrographic Area
(Figure 3.2-1). Drainages within Buffalo Valley all
feed into the playa in the southern part of the valley,
where any remaining water eventually infiltrates the
ground water flow system or is consumed by evapo-
transpiration. Buffalo Valley is a closed basin, and
consequently does not contribute surface flow to
the Humboldt River. Additional streams within this
part of the study area include Willow Creek, Rocky
Canyon, Timber Canyon, Mill Canyon, and Trenton
Canyon. With the exception of Willow Creek and
upper Trenton Canyon, these streams are all
predominantly ephemeral drainages where surface
flows occur as a result of runoff from snowmelt and
the occasional thunderstorm. With the exception of
isolated spring-fed headwater reaches, losses from
evapotranspiration and seepage into the channel
bed prevent long-term surface flows along most of
these stream courses.

The general locations of perennial stream reaches
are shown in Figure 3.2-2. The locations and
extents of perennial stream reaches have been
determined using the surface water data obtained in
the baseline monitoring program (JBR 1996d,
1996g; Baker Consultants, Inc. 1997a), and U.S.
Geological Survey topographic maps.

Since the available surface water data do not
contain monthly measurements, the best estimate
of baseflows from the available data are those
observed in October 1995. Consequently, if water is
flowing at the surface during this month, it is
presumed that water would be present the entire
year.

The resulting data probably form a reasonable
characterization of typical surface water conditions
in the study area.  Precipitation amounts varied
considerably in late 1994 and the earlier part of
1995, with individual months being substantially
wetter or dryer than their averages (Western
Regional Climate Center 1999).  Precipitation
amounts historically have varied considerably in the
region, and this is true of the period when the field
efforts were conducted.

Springs and seeps in the region were inventoried in
the summer and fall of 1995 and monitored
periodically during 1996 (JBR 1996d, 1996g; Baker
Consultants, Inc. 1997a).  For this evaluation, it was
assumed that any spring or seep with recorded
flows during the month of August, September, or
October was perennial and dependent on ground
water discharge. Conversely, springs that did not
have reported flows during these late summer and
early fall months were assumed to be ephemeral or
intermittent.  The locations of the perennial springs
and seeps and ephemeral springs and seeps are
distinguished by symbols in Figure 3.2-3.  The
various baseline studies have used different surface
water (stream, seep, or spring) monitoring stations
numbers to refer to the same site.  Tables
presented in Appendix A (Tables A-1 and A-2)
correlate the map reference numbers used in this
document to those used in the various baseline
reports.

In the Buffalo Valley Hydrographic Area, portions of
two drainages were determined to be perennial:
Willow Creek and Trenton Canyon (Figure 3.2-2).
The location of inventoried springs and seeps,
surface water flow monitoring stations (JBR 1996d,
1996g; Baker Consultants, Inc. 1997a), and
reservoirs along Willow Creek are shown in Figure
3.2-3.  Two small earthen dams with reservoirs
(herein referred to as the upper and lower Willow
Creek reservoirs) are located along Willow Creek
and provide water for water appropriation and
recreation.
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Steam flow in Willow Creek consists of seasonal
runoff and ground water inflow in the form of
perennial spring discharge adjacent to and within
the stream channel.   A major source of perennial
flow in upper Willow Creek is ground water
discharge from two perennial springs located
approximately 2 miles upstream of the upper
reservoir (springs 46A and 51A, Figure 3.2-3).
Stream flow data collected by Baker Consultants,
Inc. in early June 1996 indicate that (at least during
this time of year) stream flows increased (or gained)
along stream reaches located both above and below
the reservoirs. Below the lower reservoir, stream
flow is controlled in part from reservoir release.
However, stream flow data (Baker Consultants,
Inc.1997a) indicate that flows generally increased
(or gained) in the reach that extends approximately
2 miles below the lower reservoir. Below this point,
the steam flows gradually decreased and eventually
terminated in an alluvial fan along the margin of
Buffalo Valley from the combined effects of
evaporation and infiltration. Based on available
information, it is not possible to define the
downstream extent of the perennial reach of Willow
Creek.  (Note: based on the stream flow data and
piezometer information provided by Baker
Consultants, Inc. [1997a], it is assumed that
portions of the stream that exhibited gains are in
direct contact and interconnected with the regional
ground water system.  Conversely, losing stream
reaches are assume not to be interconnected with
the water table or regional ground water system.)

In summary, upper reaches of Willow Creek are in
contact with the ground water system. Gains in
stream flow occur by net ground water inflow along
the reach extending from the headwaters to a
position on the local alluvial fan where it leaves the
mountain front and begins to coalesce with a more
extensive fan system. Downstream of this locale,
Willow Creek loses flow to evaporation and channel
seepage and eventually becomes an ephemeral
stream. It drains to the playa in Buffalo Valley in the
southwestern part of the hydrologic study area.

Perennial reaches in Trenton Canyon originate from
springs located on both the north and possibly the
south forks of the canyon (Figure 3.2-2). Although
the October 1995 records indicate that much of the
main channel was dry, a surface water re-
emergence (i.e., surface water that seeps into the
ground upstream and then re-appears) occurred in
the south fork approximately 0.5 mile upstream of
the confluence with the north fork. Thus, it is

possible that a perennial reach occurs between this
point and the confluence with the north fork. The
perennial reach on the north fork extends much
farther upstream to a pair of headwater springs
(Stations 067 and 068) located in Sections 24 and
25, Township 32 North, Range 42 East (JBR
1996d). Flows continue downstream of the
confluence to a point near Station 76, where 30
gallons per minute (0.1 cubic foot per second) were
observed in October 1995.

Other drainages in the Buffalo Valley basin (Rocky
Canyon, Timber Canyon, and Mill Canyon) contain
potentially perennial springs, but none have a
sufficient flow rate or duration to keep the
downstream channels wet all year. Copper Canyon
also contains an ephemeral stream.

In the Lower Reese River Valley (Figure 3.2-1), only
one perennial stream reach was identified from the
data available. The channel in Long Canyon (Figure
3.2-2) produced a continuous flow beginning with an
alluvial re-emergence in the northeast quarter of
Section 30, Township 32 North, Range 44 East
(JBR 1996d). A series of springs and stream
channel measurements indicate the perennial flow
continues until the drainage reaches the Reese
River Valley in the middle of Section 32, Township
32 North, Range 44 East (JBR 1996d). Natural
perennial springs are scattered in a number of
different canyons from Long Canyon south to Iron
Canyon.

Other discharge measurements in the Lower Reese
River Valley were taken at three spring sites, two of
which appear to be springs created by mining
activity. These three sites are near adits located in
Duck Creek Canyon (Station 032) and Butte
Canyon (Station 037), and at a headwater spring in
Philadelphia Canyon (Station 045) (Figure 3.2-3).
Given the discharge data, these springs are
assumed to be perennial. A review of the wildlife
and vegetation data (WESTEC 1995a, 1995b,
1995c, 1995d) indicates that no riparian habitat was
observed in these three monitoring site locations. A
vested water right (Appropriation Number 01725
[SEA Incorporated 1995]) is located near the spring
in Duck Creek Canyon (see the Surface Water
Rights section below).

Perennial stream reaches also are found in the
drainages on the west flank of the Shoshone Range
in the southwest corner of the hydrologic study
area. However, these streams are separated
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hydrologically from the project area by the Reese
River itself, and so are not considered further.

Based on the available data, the hydrologic study
area includes two perennial stream reaches in the
Clovers Hydrographic Area (Figure 3.2-2). One
perennial reach begins on the main channel of Trout
Creek at a headwater spring (Station 091) located in
the southwest quarter of Section 27, Township 32
North, Range 43 East (JBR 1996d). This perennial
stream is fed by several near-channel and tributary
springs and extends down to a stream flow
monitoring site in the northwest quarter of Section
16, Township 32 North, Range 43 East (JBR
1996d). In addition, the East and Dewitt Mine
tributaries of this canyon also contain perennial
reaches beginning at Stations 108 and 110,
respectively.

The other perennial stream is located in the
Cottonwood Canyon. This reach extends from a
colluvial headwater spring located in the northwest
quarter of the northeast quarter of Section 33,
Township 32 North, Range 43 East. Surface water
measurements along a main channel indicate
continuous flow occurred in October 1995 down to
Station 85, approximately 4 miles downstream from
the headwater spring. (JBR 1996d)

Surface Water Rights

Water rights and applications for water rights were
reviewed and summarized by Brown and Caldwell
(1998b) and SEA Incorporated (1995).  These data
were collected from the Nevada Division of Water
Resources records. For this inventory, all rights and
applications owned by BMG were excluded. Of the
37 water rights and applications for water rights, 14
were associated with surface water sources (e.g.,
creeks and springs); 3 were associated specifically
with springs. Table 3.2-2 summarizes these
surface water rights.  The point of diversion
locations listed for the water rights are shown in
Figure 3.2-4.

Watershed Characteristics

The principal drainages within the immediate project
vicinity are Willow Creek, which drains into Buffalo
Valley to the south, and Galena Creek, which
drains into the Lower Reese River Valley to the east
(see Figure 3.2-2). Other drainages that flow into
Buffalo Valley include Cow Canyon, Copper
Canyon, Sunshine Canyon, Rocky Canyon, Trenton
Canyon, and miscellaneous canyons originating

from the Battle Mountain range. Tributaries of the
Lower Reese River basin include Philadelphia
Canyon, Little Cottonwood Canyon, and Long
Canyon. The hydrologic study area also
encompasses the headwaters of Trout and Big
Cottonwood canyons, both of which fall within the
Wild Horse basin and drain into the Humboldt River.

The topography of these basins varies from steep
mountain ridges and canyons in the Battle
Mountain range to mild sloping alluvial fans and
nearly level lake deposits (JBR 1997d). Soil survey
information (JBR 1997d) indicates that higher
elevations contain moderately deep and typically
well-drained soils. The fans contain coarse and
gravelly material with deep and well-drained soils.
The valley floor consists of very deep soils that are
poorly drained (see Section 3.3, Soils). Water
losses from seepage and evapotranspiration are
potentially high within the alluvial fill areas of the
watershed.

The Willow Creek watershed is a long, linear basin
with steep canyons in the headwaters. The basin
opens up into a narrow valley and finally fans out
into Buffalo Valley, where it eventually drains into a
playa. The majority of the runoff occurs above the
first of the two small reservoirs located in the basin
(Figure 3.2-3). In addition, these reservoirs collect
the majority of sediment originating from upstream
watersheds, and consequently reduce the sediment
loads below them.

The hydrologic study area includes the entire
Galena Canyon watershed. This drainage has a
typical dendritic pattern consisting of several large
canyons, including Cow, Scott, Duck, Butte, Iron,
and Galena canyons. A piedmont fan exists at the
base of the Galena Canyon catchment and
eventually drains into the Reese River Valley. No
major reservoirs are present in this watershed to
impede sediment transport.

Field observations in the basins near the project
site revealed the existence of ephemeral channels
or wetlands in Willow Creek Canyon, Galena
Canyon (including Butte, Cow, Duck, Galena, Iron,
and Scott canyons), and Philadelphia Canyon
(Gibson & Skordal Wetland Consultants 1996).

These field determinations have been verified by the
U.S. Army Corps of Engineers; therefore, these
canyons are officially delineated as containing
waters of the U.S. The stream channel



Table 3.2-2
Surface Water Rights

Map #1
Application

Number
Certificate

# Status2 Point of Diversion

Cubic
Feet/

Second
Acre-
Feet Use Owner

S1 0723 --- VST NE
NW
NE
NW

16
15
15
14

31N 42E --- --- Irrigation Edward Labadie

S2 01563 --- VST SW SW 36 30N 43E --- --- Irrigation Daniel Filippini
S3 01725 --- VST NW NE 15 31N 43E --- --- Irrigation Minnie Hider
S4 03744 --- VST SW

NW
SW
SE

27
32

30N
32N

43E
43E

--- --- Stock Venturacci Ranch

S5 04089 --- VST NW SW 23 32N 43E --- --- Stock Venturacci Ranch
S6 04228 --- VST NE NE 16 31N 43E 0.015 --- Stock Venturacci Ranch
S7 07560 --- VST NE SE 18 30N 44E

0.016
3.80
MGA

Stock Julian Tomera
Ranches, Inc.

S8 2865 417 CER SW SW 19 32N 44E 1.000 Placer mining W.G. Lee & Paul
Baugh

S9 3864 900 CER NE NE 26 30N 43E 1.4429 432.87 Irrigation R.E. & W.B. Chiara
S10 6456 901 CER SW NW 25 30N 43E 0.2749 --- Irrigation R.E. & W.B. Chiara
S11 22759 7592 CER NE NE 16 31N 43E 0.1506 35.527

MGA
Milling &
domestic

Frank W. Lewis

S12 24497 7684 CER NW SW 11 31N 43E 0.500 20.00 Irrigation &
domestic

Frank W. Lewis

S13 28960 9811 CER NW NW 14 31N 43E 0.478 4.52 Irrigation &
domestic

S. Styles & Frank  W.
Lewis

S14 42650 RFP NW NE 24 31N 42E 0.500 3.77
MGA

Domestic & stock Louie & Eddie
Venturacci

Sources:  SEA Incorporated 1995, Brown and Caldwell 1998b.
1See Figure 3.2-4.
2 Status: CER=Certificate

RFP=Ready for Action (protested)
VST=Vested Right

Note: Excludes water rights owned or controlled by BMG.
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in Iron Canyon is not continuous with the
downstream channel system in Galena Canyon. For
this reason, only the reach of Iron Canyon that
contains a wetland and small associated ephemeral
channel is considered a water of the U.S.  This
reach of Iron Canyon extends along the northern
headwater tributary upstream of the section line,
Sections 22 and 23, Township 31 North, Range 43
East. All of the other Galena Canyon tributaries
mentioned above have surface channels that extend
continuously down to the main channel in Galena
Canyon. Galena Canyon itself has a discernible
surface channel within the project boundary, and
has been delineated as waters of the U.S. within
the project area (Gibson & Skordal Wetland
Consultants 1996). An earlier report (Gibson &
Skordal Wetland Consultants 1993), which was
later verified by the U.S. Army Corps of Engineers,
indicates that no waters of the U.S. exist in Copper
Canyon.

Flood Hydrology and Storm Water
Management

Potential discharges to waters of the State for
current operations in the Copper Canyon mining
area are controlled in accordance with Nevada
Water Pollution Control Permit NEV87601.  In
addition, current storm water management
requirements and potential discharges to waters of
the U.S. are addressed by ongoing compliance with
the Nevada General Discharge Permit for Storm
Waters Associated with Industrial Activity – Permit
Number NVR300000.  The General Permit requires
operators of metal mining facilities to prepare a
Storm Water Pollution Prevention Plan to identify
potential pollution sources and the controls
necessary to reduce their potential impact.  The
General Permit authorizes certain discharges of
storm water associated with industrial activity to
waters of the U.S.  The Copper Canyon mining
operations, and associated Best Management
Practices for storm water pollution prevention, are
currently managed under an existing Storm Water
Pollution Prevention Plan submitted to the State in
1997 under the General Permit.  Permit renewals
and modifications are made periodically in
accordance with the permit terms, changes in
operations, or regulatory revisions.

In order to design retention ponds for current
operations, runoff from storm events was modeled
for four points of concentration.  This modeling is
presented in the Storm Water Pollution Prevention
Plan and Monitoring Plan [Simon Hydro-Search
1993a]. Precipitation amounts for the 10-year,

24-hour; 25-year, 24 hour; and 100-year, 24-hour
storm events at the site are 1.65 inches,
2.05 inches, and 2.6 inches, respectively. The
design storm precipitation data were obtained
from the National Oceanic and Atmospheric
Administration’s Precipitation-Frequency Maps of
Nevada. The Soil Conservation Service Curve
Number Method was used to compute the storm
water runoff volumes. All ponds, ditches, and
diversion channels are designed in accordance with
state requirements to retain or withstand
appropriate storm events. This includes the 100-
year, 24-hour event for both process facilities and
the stormwater control system after operations
cease and reclamation and closure are completed.

A storm water runoff event occurred in the project
area in late March 1998, in the Iron Canyon vicinity
in the northeastern part of the project area. Initially,
approximately 18 inches of snow fell  (Brown and
Caldwell 1998c); subsequently, approximately
0.75-inch of warm rain fell on the snowpack within a
36-hour period on March 24, 1998. Over the next
3 weeks, the Iron Canyon area received over
2.1 inches of precipitation, which is slightly more
than one-third the annual average. This unusual
event generated a substantial amount of runoff
through the waste rock areas in Iron Canyon. BMG
immediately collected runoff samples, and analyses
indicated that these samples exceeded water
quality standards. Upon receiving the sampling
results, BMG notified appropriate state authorities
and immediately established a storm water
collection, treatment, and monitoring program.
Further documentation of this event is presented in
reports submitted to the Nevada Division of
Environmental Protection in Carson City (Brown and
Caldwell 1998c).

Surface Water Quality Standards

Waters of the State of Nevada are defined in the
Nevada Revised Statutes Chapter 445, Section
445.191 and include, but are not limited to 1) all
streams, lakes, ponds, impounding reservoirs,
marshes, water courses, waterways, wells, springs,
irrigation systems, and drainage systems; and 2) all
bodies of accumulations of water, surface and
underground, natural or artificial.

Water quality standards for state waters have been
established by the State of Nevada under Nevada
Administrative Code, Chapter 445, Sections
445A.117 through 445A.128. Standards for toxic
materials applicable to designated beneficial uses
of surface water are described in the Nevada
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Administrative Code 445A.144 and summarized in
Table 3.2-3. Water quality criteria to protect the
beneficial uses of perennial surface waters within
the project area are described in Nevada
Administrative Code 445A.119. For the purpose of
establishing beneficial uses and appropriate water
quality standards, the State of Nevada has various
surface water classifications. Surface waters in the
hydrologic study area have been designated as
either Class A, B, C, or Humboldt River waters
based on water quality and beneficial use. The
waters in the hydrologic study area that fall into A,
B, C, or Humboldt River waters classifications
include 1) the Willow Creek reservoirs (class B
waters), 2) the Reese River north of old U.S.
Highway 50 (Class C waters), and 3) the Humboldt
River upstream from the control point at the Battle
Mountain gage to the control point at the Palisade
gage (including all tributaries that flow into the
Humboldt River at this segment).

Surface Water Quality

PTI and Exponent characterized surface water
quality in the Phoenix Project study area by
compiling analyses of samples collected from the
major surface water features in 1995 through 1998
(PTI 1997a,c; Exponent 1999). For the most part,
the surface water features are located in the
northern half of the study area (Figure 3.2-5).
Creeks that were sampled include Duck Creek,
Willow Creek, Little Cottonwood Creek, Cow Creek,
and Long Creek. Springs and seeps located in the
following areas also were sampled: Scott Canyon,
Galena Canyon, Iron Canyon, Butte Canyon,
Philadelphia Canyon, Licking Canyon, Rocky
Canyon, and Wildhorse Basin. In addition, samples
were collected from Trenton Canyon and Trout
Creek, which are located just north of the study
area and have similar water quality characteristics
to surface water features within the study area.

Water samples were analyzed for most of the
standard water quality indicators, including pH,
alkalinity, major solutes, and metals. Analytes for
which water quality standards exist either for
drinking water or aquatic organisms, but that were
not reported by PTI (1997a,e) or Exponent (1999),
include aluminum, boron, cobalt, lithium,
molybdenum, tin, and dissolved oxygen.

The surface water quality data for the study area
show a wide range of composition. Samples from
the northern part of the study area and upgradient
from current mining facilities (Little Cottonwood

Creek, Duck Creek, Willow Creek, Wildhorse
Basin, Rocky Canyon, Trenton Canyon, and Trout
Creek) generally had near-neutral to alkaline pH
values (7.0 to 8.0) and total dissolved solids
concentrations below the State of Nevada
secondary drinking water standard of 500 milligrams
per liter (Figure 3.2-6).

Metal concentrations in these same surface waters
generally were low (Figure 3.2-7), although
sporadic exceedences of drinking water standards
for arsenic, copper, fluoride, iron, manganese, or
nickel were observed in a few samples. For
example, the headwater spring to Little Cottonwood
Creek had drinking water standard exceedences for
arsenic, cadmium, copper, iron, manganese, and
nickel. Another spring source to Little Cottonwood
Creek had exceedences for arsenic, iron, and
manganese, and the lower reach had an
exceedence for fluoride in one sample from the
summer of 1996. In Duck Creek, exceedences were
reported for arsenic, cadmium, manganese, and
iron. Willow Creek had one exceedence for
manganese in one sample from the summer of
1996. No exceedences were reported for samples
from Wildhorse Basin, and one sample from Rocky
Canyon had an arsenic concentration that equaled
the drinking water standard of 0.05 milligram per
liter.

Surface waters from Cow Canyon, Galena Canyon,
Philadelphia Canyon, and Scott Canyon have
compositions that are between the near-neutral
solutions of the northern creeks and the more acidic
surface waters, such as the waters from Iron and
Butte canyons, that are immediately adjacent to
historic mining areas. Surface water samples from
these locations have weakly acidic to neutral pH
values, generally between 6.0 and 7.0. Some of
these surface waters also had slightly elevated total
dissolved solids concentrations (Figure 3.2-6)
primarily because of increased sulfate.

Exceedences for various solutes for these surface
waters occurred but were sporadic; for the most
part, metal concentrations were low (Figure 3.2-7).
Cow Canyon had exceedences for mercury,
manganese, and total dissolved solids. For Galena
Canyon samples, exceedences occurred for
arsenic, iron, sulfate, and total dissolved solids.
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Table 3.2-3
Nevada Water Quality Standards

Ground Water Surface Water
Nevada Drinking Water

Standards Nevada Agriculture

Constituent (mg/L)1
Primary

MCL2
Secondary

MCL

Municipal
or

Domestic
Supply Irrigation

Livestock
Watering

Physical Properties
Dissolved Oxygen Aerobic Aerobic
Color (color units) 153 75
TDS (@180ºC) 5003; 10004 5003; 10004 3000
Turbidity (NTU)
Inorganic Nonmetals
Ammonia unionized
(Total NH3 as N)

0.5

Chloride 2503; 4004 2503; 4004 1500
Cyanide (as CN) 0.2 0.2
Fluoride 4.0 2.04 -- 1.0 2.0
Nitrate (as N) 10 10 100
Nitrite (as N) 1.0 1.0 10
PH (standard units) 6.5-8.53 5.0-9.0 4.5-9.0 6.5-9.0
Sulfate 2503,6, 5004 2503; 5004

Metals5/Elements
Aluminum 0.05-0.26

Antimony 0.006 0.146
Arsenic (total) 0.05 (0.018) 0.05 0.10 0.20
Barium 2.0 2.0
Beryllium 0.004 0.10
Boron 0.75 5.0
Cadmium 0.005 0.005 0.01 0.05
Chromium (total) 0.1 0.1 0.10 1.0
Copper 1.37 1.03 0.20 0.50
Iron 0.33; 0.64 5.0
Lead 0.0157 0.05 5.0 0.10
Magnesium 1253; 1504

Manganese 0.053; 0.14 0.2
Mercury 0.002 0.002 0.01
Nickel 0.1 0.134 0.20
Selenium 0.05 0.05 0.02 0.05
Silver 0.16

Thallium 0.002 0.013
Zinc 5.03 2.0 25

Source:  Nevada Administrative Code 445A.119, 445A.144, 445A.453, and 445A.455.
1Units are milligrams per liter (mg/L) unless otherwise noted.
2Federal primary standards of 7-1-93 are incorporated by reference in NAC 445A.453.
3Nevada Secondary recommended maximum contaminant levels.
4Nevada Secondary (enforceable) maximum contaminant levels.
5The standards for metals are expressed as total recoverable unless otherwise noted.
6Federal Secondary maximum contaminant levels.
7Value is action level for treatment technique for lead and copper.
8Federal primary standard, effective March 23, 2001.
MCL = Maximum contaminant level.
NTU = Nephelometric turbidity unit.
TDS = total dissolved solids.
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Figure 3.2-7
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For Scott Canyon, exceedences occurred for
sulfate and total dissolved solids. For Philadelphia
Canyon, exceedences occurred for arsenic,
beryllium, manganese, and sulfate.

The most acidic surface waters occurred adjacent
to historic mining facilities and mineralized areas
(e.g., Iron Canyon and Butte Canyon). The total
dissolved solids concentrations in samples from
these surface waters often exceeded the drinking
water standard of 500 milligrams per liter and had
pH values less than the drinking water standard of
6.5 (Figure 3.2-6). These surface waters also had
the highest metal concentrations. In general, the
metal concentrations in these springs and seeps
exceed drinking water standards for antimony,
arsenic, beryllium, cadmium, copper, chromium,
fluoride, iron, magnesium, manganese, mercury,
nickel, nitrate, pH, sulfate, total dissolved solids,
and zinc. After evaluation of the 1997 monitoring
data, and in response to unusually high stream flow
rates in March 1998, BMG began collecting and
treating acidic surface water from Iron Canyon and
Butte Canyon in April 1998 (Brown and Caldwell
1998c). This collection and treatment will continue
until final closure and mitigation measures have
been implemented for waste rock facilities in these
drainages.

Surface water quality data also have been collected
for lakes that formed in the Fortitude Pit and in
areas P-1 and P-2 of the Bonanza Pit.  The water in
the Fortitude Pit remains at approximately neutral
pH due to the presence of a limestone outcrop in
the pit bottom.  The water meets all Nevada primary
drinking water standards but exceeds secondary
standards for iron, aluminum, manganese and
sulfate. The water in the shallow ponds in P-1 and
P-2, which have drained since their sampling, was
below the Nevada criterion for pH and exceeded
primary standards for several metals. Additional
information on pit lake water quality is presented in
Section 3.2.2.1.

An overall assessment of the surface water
samples indicates that the proportion of solutes
comprising total dissolved solids shifts as the total
dissolved solids increase. In the lowest total
dissolved solids samples typical of the northern
streams, bicarbonate alkalinity is the major
component of total dissolved solids. However, as
total dissolved solids concentrations increase, as
with surface water from Iron and Butte canyons, the
percentage of total dissolved solids present as
sulfate is greatly increased at the expense of

bicarbonate alkalinity. Additionally, the percentage
of total dissolved solids as dissolved metals is
elevated in samples with total dissolved solids
greater than approximately 2,000 milligrams per
liter; these samples also have the lowest or most
acidic pH values.

In addition, dissolved metal concentrations show a
strong dependence on pH, with the highest values
occurring in the lowest pH surface waters sampled
near historic mining facilities or mineralized zones.
This pH dependence is illustrated by the plot of the
sum of cadmium, copper, nickel, and zinc versus
pH shown in Figure 3.2-7. A plot of arsenic
compared to pH would show a similar relationship,
with the highest concentrations reported for the
surface water from Iron and Butte canyons.

The combination of low pH and high dissolved metal
and sulfate concentrations reported for surface
waters, found near historic mining facilities and
mineralized areas, indicates that acid rock drainage
exists. Acid rock drainage is caused by water and
air interacting with sulfide minerals commonly
present in ore deposits. Acid rock drainage can
degrade water quality by releasing acid and metals
into the water. This result has been observed in
surface water from Iron and Butte canyons.

3.2.1.3 Ground Water

A series of hydrogeologic investigations have been
performed to provide information on the existing
ground water conditions at the project area:

• Hydrogeologic investigations to support ground
water flow modeling to simulate pit dewatering
and construction of a proposed drainage
conduit for underground workings (Baker
Consultants, Inc. 1997a; Hydro-Search, Inc.
1991)

• Quarterly ground water elevation measurements
to obtain baseline data (Baker Consultants, Inc.
1997a)

 
• Drilling and monitoring well installation reports

(Water Quality Consultants, Inc. 1995a, Baker
Consultants, Inc. 1997a)

 
• Water rights research (Brown and Caldwell

1998b, SEA Incorporated 1995)
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• Water quality investigation (PTI 1997a,e;
Exponent 1999) and geochemical
characterization to predict pit lake water quality
(Exponent 2000a)

These investigations provide the baseline
information for describing the hydrogeologic
conditions in the hydrologic study area and beneath
the project site.

Hydrogeologic Setting

Recharge, storage, and movement of ground water
is dependent in part on the geologic conditions and
the topography of a site. The general stratigraphic
and structural framework throughout the hydrologic
study area and the project site is described in
Section 3.1, Geology and Minerals. The geologic
formations and lithologic units can be grouped into
11 hydrostratigraphic units in the regional study
area (Baker Consultants, Inc. 1997a). The
correlation between the geologic formations and the
hydrostratigraphic units is provided in Table 3.2-4.
These 11 hydrostratigraphic units can be grouped
into 2 principal categories: 1) a regional bedrock
assemblage composed of Paleozoic bedrock and
Tertiary Intrusives, and 2) valley fill deposits
composed of Tertiary volcanic rock, volcaniclastic
valley fill, and alluvial basin fill.

The general distribution of these units is presented
in Figure 3.1-3. In the bedrock assemblage,
recharge, storage, flow, and discharge of ground
water are generally controlled by porosity,
permeability, and structure (i. e., fault and fracture
zones) of the geologic material. In the valley fill
sediment, the ground water is stored and
transmitted through interconnected pores within the
consolidated to unconsolidated sediments.

Bedrock Assemblage

The bedrock assemblage consists of a structurally
complex assemblage of Paleozoic-age
sedimentary, metasedimentary, and metavolcanic
and Tertiary intrusive rocks. These rocks are
exposed in the Battle Mountain range and underlie
the basin fill sediments in the valleys. Aquifer test
data (Baker Consultants, Inc. 1997a) from bedrock
wells show hydraulic conductivity values (the
capacity of a porous medium to transmit water)
ranging from 0.0013 to 88 feet per day. The widest
ranges of hydraulic conductivity values are
associated with the Antler Peak and Battle Unit
(Table 3.2-5). The higher hydraulic conductivity

values are derived from packer tests conducted in
the heavily mineralized and fractured area of the
units and probably are representative of aquifer
properties near the pits (Baker Consultants, Inc.
1997a). This heavily fractured area has produced a
localized high permeability zone that provides for an
increase in ground water movement, resulting in
higher hydraulic conductivity.

In addition to aquifer test data collected in the field,
the intrinsic permeability of unfractured bedrock
from each bedrock hydrostratigraphic unit was
measured in the laboratory. Table A-3 in Appendix
A summarizes the results of the laboratory tests.
Total porosity of the major bedrock units is low;
only the Harmony Formation siltstone sample
(Ch4), the upper Battle Formation meta-
conglomerate sample (Pbu1), and the Granodiorite
samples (Tgd1 and 2) have porosities above 4
percent. Hydraulic conductivities generally are low.

The rock core hydraulic conductivity values
generally are an order of magnitude lower than
hydraulic conductivities derived from pumping tests.
This difference in hydraulic conductivities between
the test types is probably caused by the small
sample size of the cores, which may miss a fault or
fracture. These faults or fractures in the bedrock
help localize the increase in ground water
movement, resulting in higher hydraulic
conductivity.

Tertiary Volcanics and Sediments

The Tertiary deposits can be separated into three
principal hydrostratigraphic units, including 1) local
basalt flows (TB), 2) Tertiary Tuffaceous material
deposited as valley fill (TT), and 3) Tertiary alluvium
(TA, which is combined with the Quaternary
Alluvium). Tertiary basalt flow forms a ridge along
the eastern boundary of the tailings disposal area
(Figure 3.1-4). This feature extends to the west and
south dipping under the tailings area and
Quaternary/Tertiary alluvium. The basalt acts as an
aquitard, locally restricting water movement
between the overlying alluvium and underlying
Tertiary alluvium and tuffaceous sediments (Baker
Consultants, Inc. 1997a). Falling head test data
were used in this analysis (Baker 1997a).

The Tertiary Tuffaceous material consists of an
assemblage of various interbedded tuffaceous strata
that have been encountered in deep
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Table 3.2-4
Correlation of Hydrostratigraphic Units with

Geologic Formations and Units

Hydrostratigraphic Unit Geologic Formation or Unit
Symbol Name Symbol Name

Valley Fill Deposits
QA Quaternary Alluvium Qa Quaternary Alluvium
TB Basalt Tb Tertiary Basalt Flows
TA Tertiary Alluvium Ta Tertiary Valley Fill

    - Alluvium Unit
TT Tuffaceous Material Ta Tertiary Valley Fill

   - Tuff and Pyroclastic Unit
Tc Caetano Tuff

Regional Bedrock Assemblage
TI Igneous/Intrusives Kgd Cretaceous Granodiorite

Tgd Tertiary Granodiorite
PP Pumpernickel Group PMh Havallah Formation

PPp Pumpernickel Formation
PEM Edna Mountain Unit Pem Edna Mountain Formation
PAP Antler Peak Unit PPap Antler Peak Formation
PB Battle Mountain Unit Pb Battle Formation
CH Harmony Unit Ch Harmony Formation

DSC Scott Canyon Unit Ov Valmy Formation
Dsc Scott Canyon Formation

Source: Baker Consultants, Inc. 1997a.

Table 3.2-5
Summary of In Situ Aquifer Test Results

Hydraulic Conductivity (feet/day) Specific Storage (feet-1)

Hydrostratigraphic
Unit

Number
of

Measure-
ments

Range
(min)

Range
(max)

Geo-
metric
Mean

Number of
Measure-

ments
Range
(min)

Range
(max)

Arith-
metic
Mean

Quaternary Alluvium 6 78 210 130 5 5.0x10-5 3.8x10-5 1.2x10-5

Tuffaceous Material 5 0.67 22 1.5 ---- ---- ---- ----
Pumpernickel Group 8 0.017 0.83 0.12 6 2.4x10-6 9.8x10-5 4.7x10-5

Edna Mountain Unit 4 0.11 0.83 0.40 ---- ---- ---- ----
Antler Peak Unit 11 0.0013 88 5.7 ---- ---- ---- ----
Battle Unit 28 0.037 20 0.17 17 3.3x10-5 7.7x10-4 2.3x10-4

Harmony Unit 12 0.013 1.07 0.13 8 1.7x10-6 7.1x10-4 3.6x10-4

Scott Canyon Unit 2 0.012 0.022 0.017 1 1.5 x10-5 1.5x10-5 ----
Granodiorite 2 0.0022 0.033 0.0086 2 2.2x10-4 1.5x10-5 2.6x10-4

Source: Baker Consultants, Inc. 1997a.
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boreholes recently drilled in the Buffalo and Reese
river valleys south and east of the tailings disposal
area. The tuff is often interfingered with gravel and
other Tertiary alluvial deposits. Aquifer tests within
this unit indicate an average hydraulic conductivity
of 1.5 feet per day (Baker Consultants, Inc. 1997a).

Quaternary/Tertiary Alluvium

In the hydrologic study area, the alluvium is derived
from the adjacent Battle Mountain range, Tobin
Range, Fish Creek Mountains, and Shoshone
Range. The alluvium consists of coarse-grained
sands and gravel with silts and clay deposited by
alluvial fans, intermittent streams and associated
floods, wind, and lakes (Buffalo Playa). These
deposits gradually thicken from a thin veneer at the
margin of the valley to several thousand feet in the
valley's center. As shown in Figure 3.1-1, these
sediments cover extensive areas in the Buffalo and
Reese river valleys. In the vicinity of the tailings
facility, Simon Hydro-Search (1993b) reported at
least 400 feet of alluvium.

Saturated alluvial sediments, which partially fill
structurally controlled basins, are the principal
ground water reservoirs within the hydrologic study
area. Aquifer testing for the alluvium in the vicinity of
the tailings facility indicates a geometric mean
hydraulic conductivity of 130 feet per day, a
transmissivity range from 3.1x104 to 8.2x104 feet
squared per day, and a storage coefficient range
from 0.00002 to 0.015 (Baker Consultants, Inc.
1997a). Aquifer testing in the early 1990s on well
CM-23 and D2A reported transmissivities of 18,500
and 334,000 feet squared per day and hydraulic
conductivities of 74 and 830 feet per day,
respectively. Additionally, D2A aquifer tests also
indicated a storativity of 0.00064 and a specific
storage of 1.6 x 10-6 ft-1 (Simon Hydro-Search
1993b).

Regional Fault Zone

Ground water flow pathways are influenced by major
faults that offset and displace rock units and older
alluvial deposits. Depending on the physical
properties of the rocks involved, faulting may create
either barriers or conduits for ground water flow. For
example, faulting of softer, less competent rocks
typically forms zones of crushed and pulverized
rock material that behaves as a barrier to ground
water movement. Faulting of hard, competent rocks
often creates conduits along the fault trace,
resulting in zones of higher ground water flow and

storage capacity compared to the unfaulted
surrounding rock. The increase in hydraulic
conductivity caused by faulting is an important
component in the study area.

Major regional fault structures are shown in
Figure 3.1-4. Based on apparent discontinuities in
the water table surface or changes in hydraulic
gradient, Baker Consultants, Inc. (1997a) has
identified three major faults that appear to behave
as low-permeability barriers to ground water
movement:

• The Copper Canyon fault located on the
western flank of Copper Canyon

• The Virgin fault, which extends from the vicinity
of Antler Peak to the mouth of Copper Canyon

• The Plumas fault, which extends from Galena
Canyon in the north to Philadelphia Canyon in
the south

Baker Consultants, Inc. (1997a) also encountered
other localized faults that appear to behave as
barriers or conduits to flow in the area. One
localized fault filled with a granodiorite dike was
encountered in a borehole at a depth of
approximately 440 feet. No ground water was
encountered in the borehole above the fault.
However, after completing a piezometer through the
fault with a screen below this feature, ground water
rose 455 feet in the well to above the ground surface
(reflecting an artesian condition).

Water Levels

Ground water elevations in 49 on-site and off-site
wells, piezometers, and perennial springs were
monitored on a quarterly basis during 1996 (Baker
Consultants, Inc. 1997a). The four monitoring events
took place during March, June, September, and
December. The locations of these monitoring sites
are shown in Figure 3.2-8. Additional ground water
elevation monitoring was conducted during the third
and fourth quarters of 1997 and the second and
fourth quarters of both 1998 and 1999 (Baker
Consultants, Inc. 2000a).  The June 1996 ground
water elevations were selected as a baseline for
comparison since they represent a period of
relatively stable ground water conditions compared
to subsequent months and years (Baker
Consultants, Inc. 2000a).  These relatively stable
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conditions resulted from the fact that for several
months prior to June 1996 dewatering operations at
the Fortitude Pit had maintained a nearly constant
pit lake elevation.  After June 1996, active
dewatering consistently lowered the Fortitude Pit
lake resulting in rapid lowering of ground water
levels around the pit. In addition, the precipitation
and recharge patterns during the winter and spring
months preceding the June 1996 water level
measurement were not affected by any unusual
precipitation events. However, unusually high
precipitation during the spring of 1998 resulted in
anomalously high recharge rates and rising ground
water levels in some areas in the summer, fall, and
winter of 1998.  These areas of elevated ground
water levels then experienced decline during 1999
after a period of more normal recharge.  The
combined result is that ground water elevations in
the vicinity of the Phoenix Project were generally
more stable in June 1996 than in subsequent
monitored periods. (Baker Consultants, Inc. 2000a).
The ground water elevations that existed in June
1996 are presented in Figure 3.2-9.

As shown in Figure 3.2-9, the ground water surface
tends to mimic the topography with steep gradients
in the mountain ranges and gentler gradients in the
basins. The water level contours also indicate that
for the upper aquifers, the ridge located between the
Virgin and Plumas faults behaves as a ground water
divide with ground water flowing away form the ridge
crest west-southwest into the Buffalo Valley
hydrographic basin and east-southeast into the
Reese River system. The ground water elevation
contours also steepen in the vicinity of the Virgin
and Plumas faults, indicating that these structures
are acting as partial barriers to ground water flow.
Hydraulic head losses of hundreds of feet from one
side of the faults to the other occur in these areas.
In addition, dewatering activities in the Fortitude Pit
have caused local ground water to flow toward the
pit area.

Ground water extraction wells have a strong
seasonal influence on the ground water system in
the area directly beneath and to the south of the
tailings disposal area. These wells typically are
continuously pumped during the spring, summer,
and autumn months, which causes flow to move
from the tailings area to the southwest toward the
wells. The ground water system in this area also is
influenced by a basalt unit that acts as an aquitard,
restricting ground water movement between the

overlying alluvium and underlying tuffaceous
sediments.

Aquifer Recharge and Discharge

The existing inflow and outflow from the ground
water system were estimated to determine a
baseline water balance for the hydrologic study
area.  The estimated average annual ground water
budget (existing conditions) is presented in
Table 3.2-6. Existing ground water inflow
components include precipitation recharge,
irrigation, mine dust control recharge, and ground
water inflow from adjacent areas outside the
hydrologic study area.  Ground water outflow
components include evapotranspiration from
phreatophyte areas and the Buffalo Valley playa,
subsurface outflow leaving the hydrologic study
area, ground water pumping at the Battle Mountain
Complex, and ground water extracted from pumping
of ranch irrigation wells.

Using the Maxey and Eakin (1949) methodology, an
estimated 1,500 acre-feet/year is received as
recharge in the Lower Reese River Valley portion of
the study area, and 2,400 acre-feet/year of recharge
is received in the Buffalo Valley portion of the study
area.

The primary sources of aquifer recharge are
precipitation and stream runoff from snowmelt. As is
typical in Nevada, the higher elevations generally
receive more rain and snow. This increase in
precipitation at higher elevations recharges the
bedrock aquifers and local perched systems
through fractures in the bedrock outcrops or where
bedrock is a sedimentary or volcanic unit that is
porous. Where streams emerge from the
mountains, a percentage of the stream flow is lost
as water infiltrates and recharges the alluvium.

Recharge to the ground water system from direct
precipitation was estimated using an empirically
derived relationship between precipitation, recharge,
and altitude (Maxey and Eakin 1949).  This method
assumes that a percentage of total precipitation
within a specified altitude zone becomes ground
water recharge. Using this method, Baker
Consultants, Inc. (1997a) determined that the
resulting distribution of recharge applied to the
study area is as follows:
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Table 3.2-6
Estimated Annual Ground Water Budgets for the Reese River Valley

and Buffalo Valley Ground Water Systems Within the Hydrologic Study Area

Budget Component

Reese River
Valley Ground
Water System

(acre-feet/year)

Buffalo Valley
Ground Water

System
(acre-feet/year) Total

Inflow
Precipitation Recharge 1,500 2,400 3,900

Ranch Irrigation Recharge 7,000 ---- 7,000

Mine Dust Control Recharge ---- 300 300

Ground Water Inflow (Total) 52,000 23,000 75,000
Total Inflow 60,500 25,700 86,200

Outflow
Evapotranspiration
     Phreatophyte Areas 30,000 10,000 40,000
     Playa Area ---- 14,000 14,000
Ground Water Outflow 25,000 700 26,000
Ground Water Pumpage:
      Battle Mountain Mine
      Ranch Irrigation

----
14,000

1,300
----

1,300
14,000

Total Outflow 69,000 26,000 95,300

Outflow Minus Inflow 8,500 300 9,100

Source:  Baker Consultants, Inc. 1997a.
Note: Estimated water balance values presented in the source document were converted to acre-feet/year and then
rounded to the nearest hundred for presentation in the EIS.

• 3.15 inches per year above 7,000 feet amsl

• 1.43 inches per year between 6,000 feet and
7,000 feet amsl

 
• 0.46 inch per year between 5,000 feet and

6,000 feet amsl
 
• 0.10 inch per year between 4,700 feet and

5,000 feet amsl
 
• 0.00 inch per year below 4,700 feet amsl

Additional ground water recharge may occur from
irrigation, dust control, and ground water inflow from
surrounding areas (Table 3.2-6).

Ground water in the hydrologic study area
discharges by several mechanisms, including

evapotranspiration, stream and spring discharge,
and pumping. In areas where the depth to ground
water is relatively shallow (less than 20 feet), water
is lost from the water table surface through
evapotranspiration. Ground water discharge by
evapotranspiration includes losses from bare soil
evaporation and transpiration from phreatophytic
vegetation. Based on soil and vegetation surveys
and depth to ground water, the southern portion of
the hydrologic study area, including the Buffalo
Valley and Lower Reese River Valley, was
delineated as an area of substantial ground water
discharge through evapotranspiration.

 Flow in perennial streams and springs is dependent
in part on discharge from the ground water system.
Discharge of ground water into streams also
increases flows in Willow Creek and Reese River
within the hydrologic study area.
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Insert Figure 3.2-9, 11x17, front
F 3.2-9 Regional Ground Water Elevation Map,
June 1996
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 Insert Figure 3.2-9, 11x17, back INTENTIONALLY LEFT BLANK
 Regional Ground Water Elevation Map, June 1996
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Other identified springs represent discharge of
ground water that may or may not be connected to
the regional ground water system.

Ground water is withdrawn from the hydrologic
study area for mining and agriculture. Most of the
pumped water is consumed; however, some
infiltrates and recharges the ground water system.

The overall water balance values presented in Table
3.2-6 are estimates based on available regional
information. There is uncertainty regarding the
actual flow rates, particularly the amount of
recharge, evapotranspiration, and ground water
inflow and outflow that occurs at the boundaries of
the hydrologic study area. Assuming that these
values represent reasonable estimates, the overall
ground water balance for the Reese River Valley
system suggests that this region is experiencing on
the order of 14 percent more outflow than inflow.
This apparent imbalance is probably attributable to
extensive ground water withdrawal for ranch
irrigation.  This type of imbalance would suggest
that ground water extraction for irrigation is probably
resulting in drawdown of ground water levels within
the basin fill sediments in the Reese River Valley.
The water balance for Buffalo Valley suggests that
this portion of the hydrologic study area is in a state
of equilibrium with outflows essentially equal to
inflows.

Ground Water Rights and Applications for
Ground Water Rights

Water rights and applications for water rights were
reviewed and summarized by Brown and Caldwell
1998b and SEA Incorporated (1995). For this
inventory, all rights and applications owned or
controlled by BMG were excluded.  Of the 37 water
rights and application for water rights, 23 were
associated with ground water sources. Table 3.2-7
summarizes these ground water rights and
applications for ground water rights; the point of
diversion locations listed for the water right are
shown in Figure 3.2-10. Since water rights are not
necessary for most domestic wells, this inventory
(based on information on file at the Nevada Division
of Water Resources) does not include all domestic
or stock watering wells that may exist within the
study area.  The primary uses for water are
irrigation, stock, mining, milling, and domestic.

Ground Water Quality Standards

Standards for protecting ground water used as a
drinking water source have been adopted by the
Nevada Bureau of Health Protection Services.
Specifically, Nevada Administrative Code 445A.453
establishes primary standards in the form of
maximum contaminant levels, and Nevada
Administrative Code 445A.455 establishes
secondary standards also as maximum
contaminant levels. Primary maximum contaminant
levels are established to protect human health from
potentially toxic substances in drinking water, while
secondary maximum contaminant levels are
established to protect aesthetic qualities of drinking
water, such as taste, odor, and appearance. Since
ground water in the vicinity of the proposed project
is used or is potentially usable as a drinking water
source, Nevada primary and secondary maximum
contaminant levels listed in Table 3.2-3 apply to
protecting area ground waters. In addition, Nevada’s
regulations governing mining facilities specifically
state that ground water quality cannot be degraded
beyond established maximum contaminant levels
(Nevada Administrative Code 445A.424).

Ground Water Quality

Baseline ground water quality has been
characterized by analyzing samples from wells
located throughout the Phoenix Project study area
(PTI 1997a,c; Exponent 1999) (Figure 3.2-11).
These wells include 20 operational wells located
near previous and current mining operations that
have been sampled on a quarterly basis and
43 baseline wells, most of which have been
sampled once or twice through April 1997 as part of
the baseline characterization (PTI 1997a,c).
Selected operational and baseline wells also were
monitored from May 1997 through December 1998
(Exponent 1999).

Ground water samples were analyzed for most of
the standard water quality indicators, including pH,
alkalinity, major cations and anions, and metals for
which drinking water standards exist. Analyses for
the operational wells generally did not determine the
concentrations of aluminum, boron, cobalt, lithium,
molybdenum, and tin, although concentrations of
these constituents were generally determined in
samples from the baseline wells.



Table 3.2-7
Ground Water Rights and Applications for Ground Water Rights1

Map #
Application

Number Status3
Certfi-
cate # Well Location

Cubic
Feet/

Second
Acre
feet Use Owner

G1 20146 CER 7470 NW NE 14 29n 43E 4.460 1485.81 Irrigation Henry Filippini

G2 20147 CER 7471 NE NE 13 29n 43E 4.640 1545.79 Irrigation Henry Filippini

G3 22990 CER 7593 SE SE   9 31n 43E 0.716 168.9
MGA

Milling Frank W. Lewis

G4 23448 CER 7698 SE SE 24 30n 43E 3.400 357.48 Irrigation &
Domestic

R.E. & W.B. Chiara

G5 23927 CER 8130 SE NE 24 31n 43E 2.000 67.39 Mining, Milling &
Domestic

R.E. & W.B. Chiara

G6 24496 CER 665 SW SW 11 31n 43E 0.0022 1440
gpd

Domestic Frank W. Lewis

G7 25039 CER 8350 SW SW 16 29n 43E 2.720 613.60 Irrigation Henry A. & Marian Filippini

G8 33139 CER 12372 SE NE 13 29n 43E 3.560 2010.76 Irrigation Henry Filippini, Jr.

G9 35215 CER 11624 SE NE 11 29n 43E 2.670 516.48 Irrigation Henry Filippini, Jr.

G10 44755 CER 1347 SE SE 23 30n 42E 0.010 6.58
MGA

Stock BLM, Battle Mountain

G11 48899 CER 11909 NW NW 16 29n 43E 2.197 508.32 Irrigation Henry Filippini, Jr.

G12 490382 RFP --- NW NW 19 31n 44E 2.000 --- Mining, Milling &
Domestic

Hart Resources, Inc.

G13 490392 RFP --- NW NW 19 31n 44E 2.000 --- Mining, Milling &
Domestic

Hart Resources, Inc.

G14 490532 RFP --- SE NE 24 31n 43E 2.000 --- Mining, Milling &
Domestic

Hart Resources, Inc.

G15 491412 RFP --- SE SE   9 31n 43E 3.000 --- Mining, Milling &
Domestic

Frank W. Lewis

G16 491422 RFP --- NE NE 16 31n 43E 3.000 --- Mining, Milling &
Domestic

Frank W. Lewis

G17 54230 PER --- SW SE 17 32n 44E 1.000 --- Mining, Milling &
Domestic

Bamco Exploration, Inc.

G18 54231 PER --- NE NW 20 32n 44E 1.000 32.25
MGA

Mining, Milling &
Domestic

Bamco Exploration, Inc.

G19 57442 PER --- SW SW 29 32n 43E 0.110 60.00 Mining Exploration Sante Fe Pacific Mining,
Inc.

G20 59100 PER --- SE SW 36 36n 43E 2.500 451.00 Irrigation &
Domestic

Henry A. FIlippini



Table 3.2-7 (Continued)

Map #
Application

Number Status3
Certfi-
cate # Well Location

Cubic
Feet/

Second
Acre
feet Use Owner

G21 59101 PER NW NE   6 29n 44E 4.000 1220.80 Irrigation &
Domestic

Henry A. FIlippini

G22 59102 PER Lot 1   6 29n 44E 5.400 1440.00 Irrigation &
Domestic

Henry A. FIlippini

G23 59876 PER SW SW 22 30n 44E 0.0155 3.65
MGA

Stock & Domestic Julian Tomer Ranches,
Inc.

Sources: SEA Incorporated 1995, Brown and Caldwell 1998b.
1Excludes water rights owned or controlled by BMG.
2Protested.
3Status: CER = Certificate

PER = Permit
RFP = Ready for Action (protested)

4Map numbers refer to locations shown in Figure 3.2-10.
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The chemical composition of the ground water
shows less variability than observed for the surface
waters. The bulk of the pH determinations are
between 5 and 8.5, with extremes at 3.1 for two
samples from the Midas Pit and 10.3 for one
sample from Copper Canyon (Figure 3.2-12). Other
areas with pH outside of the drinking water standard
range of 6.5 to 8.5 include the Copper Leach Area
(pH=5.03 to 5.22), the proposed Phoenix Pit (pH =
5.25 to 7.3), Philadelphia Canyon (pH = 5.58 to
6.1), and the West Copper Pit (pH = 5.04 to 6.88).

Ground water concentrations of total dissolved
solids exceeded the secondary drinking water
standard of 500 milligrams per liter in samples
collected throughout the study area, including
monitoring wells in Buffalo Valley that have not been
impacted by mining. In general, the concentrations
of total dissolved solids in ground water showed a
tendency to increase at lower pH, similar to the
trend seen for the surface waters, although there is
more scatter in the data. The ground water samples
with the lowest pH values from near the Midas Pit
also generally exceeded drinking water standards
for sulfate. Ground water samples from the Gold
Tailings Facility, in particular, deviate from the
general trend, showing elevated total dissolved
solids concentrations at pH 7.6 to 8.2 because of
high concentrations of chloride. Overall, the highest
total dissolved solids concentrations occur in
ground water samples from areas near the Gold
Tailings Facility and the Copper Leach Waste Area
(Figure 2-2). Specific ground water monitoring
and/or mitigation requirements are applicable to
both of these areas pursuant to the Battle Mountain
Complex Water Pollution Control Permit.

The major components that make up total dissolved
solids show a general shift from predominantly
bicarbonate in ground water with low total dissolved
solids to mostly sulfate in samples with high total
dissolved solids. This shift is similar to that
observed for the surface water. The primary
exception to this trend is ground water from the
Gold Tailings Facility (wells CM-1, CM-22, CM-24,
PW-1, PW-4), where chloride is a major component
of total dissolved solids. The elevated
concentrations of chloride, sodium, and sulfate in
this area are a result of a solute plume originating
from the Gold Tailings Facility. This plume is a
result of an unlined disposal area that was used for
copper and gold tailings intermittently from 1966 to

1993. The chloride plume is currently being
managed under the State of Nevada Water Pollution
Control Permit.

The concentrations of minor metals in the ground
water generally are low over most of the study area,
but drinking water standard exceedences for
cadmium, copper, nickel, and zinc do occur (PTI
1997a,e; Exponent 1999). In general, metals
concentrations tend to increase with decreasing pH
(Figure 3.2-12), hence exceedences are most
common in the most acidic ground waters. This
trend is similar to that seen for surface water (see
Figure 3.2-7). The constituent with the greatest
number of exceedences of its drinking water
standard was cadmuim, which was above the 0.005
milligram per liter standard in the Copper Leach
Area, Fortitude Pit, Midas Pit, proposed Reona Pit,
and West Copper Pit. A single exceedence of the
drinking water standard of 1.3 milligrams per liter for
copper occurred in well CM-31 near the Copper
Leach Area. Nickel concentrations exceeded the
drinking water standard of 0.1 milligram per liter in
ground water samples from wells at the Copper
Leach Area, Midas Pit, Iron Canyon, Philadelphia
Canyon, proposed Phoenix Pit, and proposed
Reona Pit.

Concentrations of zinc in exceedence of the
secondary drinking water standard of 5 milligrams
per liter occurred in wells at the Copper Leach Area
and Midas Pit. Additionally, concentrations of
mercury slightly exceeded the drinking water
standard of 0.002 milligram per liter in ground water
samples from wells located near the Northeast
Extension Pit (0.00239 milligram per liter), the West
Copper Pit (0.0206 milligram per liter), the proposed
Reona Pit (0.00218 milligram per liter), and Copper
Canyon (0.00355 milligram per liter).

Arsenic concentrations exceeded the drinking water
standard of 0.05 milligram per liter in a number of
samples and did not show a strong dependence on
pH as did the other metals. Specific instances of
arsenic exceedences occurred in ground water from
Copper Canyon, the current Reona Leach Pad, the
Fortitude Pit, Galena Canyon, the Midas Pit, the
proposed Phoenix Pit, the proposed Reona Pit, and
the West Copper Pit. Additionally, two ground water
samples from Copper Canyon and the East Copper
Pit showed exceedences of the drinking water
standard for selenium of 0.05 milligram per liter.
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Other exceedences of drinking water standards for
minor metals that occurred in isolated wells include
beryllium (drinking water standard = 0.004 milligram
per liter) at concentrations of 0.0083 and 0.0044
milligram per liter in the Midas Pit wells and 0.028
milligram per liter at well CM-31 at the Copper
Leach Area. Well CM-31 at the Copper Leach Area
also had a thallium concentration of 0.002 milligram
per liter, which equals the drinking water standard
for this metal. The sample from well CM-31 also had
the only lead concentration that exceeded the
drinking water standard at 0.87 milligram per liter.

In general, concentrations of the major metals
(aluminum, iron, and manganese) are higher in the
lower pH ground water samples, much like the
pattern observed for cadmium, copper, nickel, and
zinc (see Figure 3.2-12). Iron concentrations were
highest in ground water samples from the Copper
Leach Area and the Midas Pit, reaching 1,500 and
180 milligrams per liter, respectively. However,
ground water samples throughout the study area
had iron concentrations that exceeded the
secondary drinking water standard of 0.6 milligram
per liter, including the Copper Leach Area, Fortitude
Pit, Galena Canyon, Iron Canyon, Midas Pit,
Philadelphia Canyon, proposed Phoenix Pit,
proposed Reona Pit, and West Copper Pit.
Manganese concentrations show a pattern similar
to iron, reaching their highest level of 190 milligrams
per liter at the Copper Leach Area and showing
widespread exceedences of the secondary drinking
water standard of 0.1 milligram per liter over the
entire study area, including Buffalo Valley, Copper
Leach Area, Fortitude Pit, Fortitude Waste Rock
Facility, Galena Canyon, Iron Canyon, Midas Pit,
Philadelphia Canyon, proposed Phoenix Pit,
proposed Reona Pit, and East Copper Pit.
Aluminum concentrations exceeded the secondary
drinking water standard of 0.2 milligram per liter in
ground water samples from the Midas Pit and the
proposed Phoenix Pit, although aluminum was not
determined for all samples.

3.2.1.4 Waste Rock Characterization

Mining operations bring mineralized rocks from
depth, where they are geochemically stable, to the
surface, where they react with air and water and
potentially release metals and other solutes. Sulfide
minerals, in particular, undergo oxidation reactions,
resulting in acid sulfate and metal-bearing solutions,
commonly referred to as acid rock drainage. The
assessment of surface water quality discussed in
Section 3.2.1.2 indicates the presence of acid rock

drainage in some portions of the study area,
primarily in Iron and Butte canyons. Acid rock
drainage in these areas is indicated by elevated
concentrations of sulfate and metals.

To evaluate the extent to which reactions between
air, water, and rocks may result in future releases of
metals and other solutes, a series of standard
geochemical tests was conducted with rocks from
the study area. These tests included acid-base
accounting from static testing, kinetic testing, and
meteoric water mobility testing (Exponent 2000a).
In addition to the standard tests, a series of field
measurements of the rate of oxidation of sulfide
minerals in existing waste rock and pit benches
was conducted.

Acid-base Accounting

Acid-base accounting often is used as a screening
tool for discriminating rocks with the potential to
generate acid by reacting with air and water from
rocks that have the potential to consume acid.
Acid-base accounting is based on determinations of
the acid-generating potential, which is a function of
the amount of sulfide minerals in a rock, and the
acid-neutralizating potential, which is a function of
the amount of carbonate minerals in a rock. The
acid-neutralizating potential and acid-generating
potential are determined in static tests and are
expressed in terms of tons of CaCO3 per kiloton of
rock. The difference between the acid-neutralizing
potential and the acid-generating potential is called
the net neutralization potential.

The BLM’s Acid Rock Drainage Policy (BLM 1996b)
states that rocks with a ratio of acid-neutralizating
potential to acid-generating potential greater than 3
probably will not generate acid through exposure to
air and water. For rocks with a ratio less than 3,
kinetic tests (described below) also may be
conducted to obtain a better measure of the
potential for the rocks to generate acid. The
criterion used by the State of Nevada for
designating waste rock as acid-generating is a ratio
of acid-neutralizing potential to acid-generating
potential of less than 1.2. Previous studies of rates
of acid generation in kinetic tests associated with
mine development indicate that a ratio of 1.2 is a
reliable and conservative demarcation for classifying
rocks as acid neutralizing versus acid generating
(BLM 1996b).
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For the Phoenix Project, a total of 976 rock
samples were subjected to static tests to obtain
acid-base accounting data for rocks potentially
exposed during the proposed project (Exponent
2000a). An additional 213 samples of rocks from
existing waste rock facilities were tested; these
samples and testing are discussed separately.

Static test samples were selected on the basis of
pit designs proposed in the 1994 Plan of
Operations. To select rock samples representative
of the pit wall surfaces, block models of the pits
were developed on the basis of 500x500-foot grids
using existing drill-hole data. Five samples then
were selected from each block to obtain a coverage
of 5 samples per 250,000 feet squared of surface
area. Waste rock was sampled at a rate of 1
sample per 432,000 tons of waste rock. This rate of
sampling is comparable to the rate of 1 sample for
every 500,000 tons of waste rock recommended in
BLM guidance (Plumb 1996); therefore, it was
expected to provide a complete representation of
the rocks in the ultimate pit surfaces and waste
rock facilities as proposed in the 1995 Plan of
Operations.

Statistical analyses of the static test results yielded
a site-wide range for the net neutralization potential
of -937 to 874 ton CaCO3/kiloton rock, with a
median of –11.5 and an arithmetic mean of - 46.9
ton CaCO3/kiloton rock (Table 3.2-8). Based on a
cutoff acid-neutralizing potential to acid-generating
potential ratio of 3.0 recommended by the BLM,
these results indicate that the majority of the rocks
in the pit wall surfaces and waste rock have the
potential to generate acid. The area with the
greatest potential to generate acid is the Phoenix
Pit, with an average net neutralization potential of -
82.8 ton CaCO3/kiloton rock. None of the pits have
a positive average net neutralization potential.

The static test sampling frequency developed for the
1994 Plan of Operations is considered suitable for
characterizing the rocks that would be disturbed
under the current Plan of Operations.  Under the
current Plan of Operations, the proposed 1994 pits
have been expanded and deepened, but no new
rock types have been encountered that significantly
alter the findings obtained from the existing data.
The deeper rocks that would be disturbed under the
current Plan of Operations are predominantly net
acid-generating and are expected to behave
similarly to the net acid-generating rocks that were
tested for the 1994 Plan of Operations.  A block
model of the Proposed Action has been developed

by BMG based on exploration data and the
geochemical testing program, and overall estimates
of acid-base accounting are based on the block
model.  Additional testing would not alter the
primary finding that the rocks to be disturbed are
predominantly net acid-generating.

Kinetic Testing

Kinetic testing, commonly consisting of humidity
cell testing, is designed to represent maximum
rates of acid generation from rocks caused by
exposure to air and water. The information obtained
from these tests is used in geochemical modeling
to represent rates of solute release from pit wall
rocks into pit lakes and to evaluate waste rock for
determining disposal alternatives.

For the Phoenix Project, 82 kinetic tests were
conducted on rock samples from the Iron Canyon,
Midas, Phoenix and Reona pits and from the
Fortitude ore stockpile. Samples from each location
were selected to obtain even spatial coverage,
representation of major lithologies in the waste rock
and pit wall surfaces, and coverage of the range of
net neutralization potential values present in the
rocks in each area (Table 3.2-9).

The procedure used by Exponent (2000a,
Appendix A3) for conducting the kinetic tests was
slightly different than the commonly used method
of Sobek et al. (1978) and followed modifications
developed by Lawrence (1990). Briefly, 1,200
grams of rock, crushed to less than 0.25-inch-
diameter pieces, was placed in a humidity cell and
exposed to a cycle of 3 days of dry air, 3 days of
humid air, and rewetting with 10 milliliters of
deionized water on the seventh day. At the end of
every 2 weeks, 1,200 milliliters of deionized water
was added to each cell, allowed to equilibrate for 1
hour, then drained and collected for analyses.
Exponent determined pH, specific conductivity,
redox potential (Eh), ferrous iron, total iron, sulfate,
and alkalinity for every biweekly sample. Exponent
also determined fluoride, chloride, sulfate,
mercury, and phosphorus at 4-week intervals.
Additionally, determinations of metals (aluminum,
antimony, arsenic, barium, beryllium, boron,
cadmium, calcium, chromium, copper, iron, lead,
lithium, magnesium, manganese, molybdenum,
potassium, nickel, silica, selenium, sodium, silver,
strontium, thallium, vanadium, and zinc) were
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Table 3.2-8
Summary of Net Neutralization Potential for Project Area Rocks

Net Neutralization Potential (tons CaCO3/kiloton rock)
Pit

Number of
Samples Minimum Maximum Average Median

Iron Canyon 68 -496 3.17 -24.2 -5.94
Midas 372 -371 43.1 -25.5 -3.65
Phoenix 405 -937 874 -82.8 -53.6
Reona 131 -118 4.89 -8.44 0.104
All Pits 976 -937 874 -46.9 -11.5

Source: Exponent 2000a.

Table 3.2-9
Summary of Rock Samples Used in Kinetic Testing

Location Number of Tests
Iron Canyon Pit 3
Midas Pit 16
Phoenix Pit 46
Reona Pit 15
Fortitude Ore Stockpile 2
TOTAL 82

Source: Exponent 2000a.

conducted on bulk 20-week samples created by
compositing 300 milliliter samples collected from
the biweekly rinses. This composite sample depicts
the cumulative release of solutes over the duration
of the kinetic tests.

Results for pH from the kinetic tests after 20 weeks
indicated that all 13 rock samples with positive net
neutralizing potential produced near-neutral to
alkaline leachates. A total of 13 rock samples with
negative net neutralizing potential produced
leachates with pH greater than 4.5. The remaining
56 rock samples with negative net neutralizing
potential produced more acidic leachates. Sixteen
of the kinetic tests were extended for a period of up
to 62 weeks, including 11 cells that contained
negative net-neutralization potential rocks.  All of
the cells with positive net-neutralization potential
rocks remained neutral, and 5 of the 11 negative
net-neutralization potential cells remained neutral
over the extended period. These results indicate
that net neutralizing potential of zero is an
appropriate cutoff for distinguishing acid-producing
rocks from acid-neutralizing and unreactive rocks.
Data compiled from eight other Nevada mines show
that it is extremely rare for rocks with positive net
neutralization potential to generate acidic leachate
(Exponent 2000a, Appendix B1).

The results of the kinetic tests indicate that most of
the rocks in the project area directly associated
with mining operations (pits and waste rock) have
the potential to generate acid rock drainage. This
finding is consistent with the observation that
surface water and some ground water in the vicinity
of existing pits are acidic and have elevated
concentrations of sulfate and metals.

Meteoric Water Mobility Procedure Testing

Meteoric Water Mobility Procedure (MWMP) testing
is designed to simulate solutes washing off the
surfaces of rocks when they are exposed to rain or
snow melt. In this test, 5 kilograms of rock
fragments less than 5 centimeters in diameter were
placed in a plastic column. Five liters of water with
a pH from 5.6 to 6.0 were delivered to the column
over 24 hours. The water passing through the rocks
in the column was collected and analyzed for
chemical composition.

For the Phoenix Project, the MWMP tests were
applied to oxide rocks that would be used as cover
materials for waste rock facilities and would be
present in pit walls (Exponent 2000a, Appendix A6).
The oxide rocks tested generally had net
neutralization potential values greater than zero;
therefore, they are less likely to release metals and
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acid than rock types with negative net neutralization
potential values (Table 3.2-10). The oxide rocks
tested included a total of 33 samples from the
Fortitude, Iron Canyon, Midas, Northeast
Extension, and Reona pits. Samples were collected
from each rock formation included in oxide waste
and pit wall rocks in these areas.

The analytical results from the MWMP tests were
compared with the maximum contaminant
levels allowed for drinking water for Nevada
(Table 3.2-3). This comparison was made to
determine the potential for rain water to leach the
oxide rocks at concentrations great enough to
exceed established water quality criteria.

These comparisons show that arsenic
concentrations exceeded drinking water standards
in 44 percent of tests on rocks from the Reona Pit
and 25 percent of tests on rocks from the Midas Pit
(Table 3.2-11). The rock types in these two pits
that yielded arsenic included the Pumpernickel and
Granodiorite Porphyry formations. Exceedences of
water quality standards for other analytes occurred
sporadically in the test results and could not be
linked to specific lithologic units. The analyte that
most commonly exceeded drinking water standards
was aluminum, occurring in 53 percent of the
MWMP testing results for all the pits
(Table 3.2-11). The only pit not showing aluminum
exceedences was the Northeast Extension Pit.
Manganese exceedences were observed in
20 percent of the tests overall and occurred only for
oxide rocks from the Reona, Iron Canyon, and
Northeast Extension pits. Cadmium exceedences
occurred in 7 percent of the tests overall, but
occurred only for rocks from the Iron Canyon and
Northeast Extension pits. Single exceedences for
fluoride and nickel occurred in tests on rocks from
the Iron Canyon and Reona pits, respectively.
Measured pH values were outside the drinking water
standard range of 6.5 to 8.5 in 9 of the tests, or 30
percent overall (Table 3.2-11). However, 4 of the 9
pH exceedences were determined for Midas Pit
rocks and were within 0.1 pH units of the 6.5 lower
limit for the drinking water standard.

In addition to the standard MWMP tests, triple-rinse
tests also were conducted on one sample of oxide
rock from the Fortitude, Iron Canyon, Northeast
Extension, and Reona pits and two samples from
the Midas Pit (Exponent 2000a, Appendix A6). A
trend of increasing concentrations in consecutive
rinses from these tests hypothetically could be
evidence that the standard MWMP tests

underestimate rates of solute leaching. Conversely,
decreasing trends would imply that the standard
test overestimates leaching rates. In general,
results from the triple-rinse tests did not show
marked or systematic increases in metal
concentrations for consecutive rinsates. Instead,
most metals decreased in concentration in the
second and third rinses compared to the first.

Arsenic concentrations were similar in the
successive rinses, suggesting a mineral solubility
or sorption equilibrium control on the maximum
concentration. These results imply that the
standard, single rinse MWMP tests provided a
conservative description of the potential for metal
releases that may occur as rain water washes over
oxide rocks.

Characterization of Existing Facilities

Waste Rock and Copper Leach Facilities. The
potential for rocks located at existing facilities in the
project area to generate acid was investigated by
acid-base accounting, measurements of paste pH,
and measurements of oxygen consumption
(Exponent 2000a). The acid-base accounting
determinations provide information on the reservoirs
of potentially acid-generating rocks already in place
at the site. The paste pH values provide an
indication of the extent to which reactions between
the rocks, air, and water already have initiated acid
generation. Rates of oxygen consumption provide
an indication of sulfide oxidation at depth in existing
waste materials that can be used to calibrate
mathematical models and identify potential areas of
acid generation. The areas investigated during these
various studies include the main Fortitude Waste
Rock Facility, the Northeast Extension Waste Rock
Facility, reclaimed cover at the Copper Basin
Reclamation Area, native ground near the Reona
Pit, and native ground near the Fortitude Pit.

The acid-base accounting results indicate that the
majority of the waste rock has negative net
neutralization potential values (Exponent 2000a;
Appendix A4). The results for the paste pH
measurement indicated variability within specific
waste rock piles and between piles, but the pH
values are generally related to the net neutralization
potential value of the rock. Rocks with net
neutralization potential values less than zero
showed acidic pH values in the range of
approximately 3 to 5, compared to a range of 5 to
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Table 3.2-10
Summary of Rock Samples Used in Meteoric Water Mobility Procedure Testing

Location Number of Samples
Average Net Neutralization

Potential1

Northeast Extension Pit 4 -0.4
Reona Pit 10 0.6
Fortitude Pit 7 0.3
Iron Canyon Pit 4 0.3
Midas Pit 8 0.3
TOTAL 332 0.2

Source: Exponent 2000a.
1Average of rock samples used in Meteoric Water Mobility Procedure tests; not site-wide average.
2Includes three samples of non-oxide material.

Table 3.2-11
Summary of Samples Exceeding Drinking Water Standards

(from Meteoric Water Mobility Tests on Oxide Rocks)

Analyte
Fortitude

Pit

Iron
Canyon

Pit Midas Pit

Northeast
Extension

Pit
Reona

Pit Site Wide
Number of Tests 7 4 8 2 9 30
Percent Exceedences

Aluminum 71 75 50 0 44 53
Arsenic 0 0 25 0 44 20
Cadmium 0 25 0 50 0 7
Fluoride 0 0 0 0 11 3
Manganese 0 25 0 100 11 13
Nickel 0 25 0 0 0 3
pH 29 50 50 50 0 30

Source:  Exponent 2000a.

7 for rocks with net neutralization potential values
greater than zero. The most acidic paste pH values
were found to occur in the upper 10 feet of the
South Fortitude, Northeast Extension, and Iron
Canyon waste rock facilities.

Determinations of oxygen concentrations at different
depths were conducted at 36 locations in the main
Fortitute Waste Rock Facility (Exponent 2000a,
Appendix A14). In general, the results show rapid
decreases in oxygen content between the surface
and a depth of 4 feet. This result is consistent with
a process of oxygen diffusion into waste rocks and
reaction with sulfide minerals to create acid-sulfate
leachates (Blowes and Jambor 1990).

Field measurements of the rates of oxygen
consumption were determined at the Fortitude,
Midas, and Northeast Extension pits and the main
Fortitute Waste Rock Facility (Exponent 2000a,
Appendix A15). The measurements were made at
pit benches and surfaces of waste rock piles and
ore stockpiles. The highest oxygen consumption
rates were determined for the ore stockpiles. The
average rate for the pit benches (4.08 percent
sulfide mineral content) was approximately
5 percent of the average rate for the ore stockpile
(5.10 percent sulfide mineral content) even though
the 2 rock types had comparable sulfide contents.
The average rate for the waste rock (0.85 percent
sulfide mineral content) was approximately 53
percent of the average rate for the ore stockpile
materials.
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The lack of a direct relationship between oxygen
consumption rates and sulfide mineral contents in
the rocks implies that factors, such as mineralogy,
porosity, grain size, moisture content, etc., are
important for controlling sulfide oxidation rates.
However, the measurements of oxygen con-
sumption clearly indicate that oxidation reactions
between air, water, and sulfide minerals in the rocks
are ongoing processes in existing mining areas.
The oxidation of sulfide minerals is the primary
cause of acid rock drainage observed in surface and
ground water monitoring locations adjacent to
existing mines and excavated areas.

At the Copper Leach Facility, paste pH values were
near 4.0 and were relatively constant with depth
(Exponent 2000a, Appendix A4). The rocks in this
facility were acid leached for copper extraction,
hence acid pH values were expected. The paste pH
values of the alluvium underlying the leached copper
ore did not increase back to neutral values but were
near 4.0 at depth. These low pH values indicate that
percolation of acidic solutions from the copper
leaching operations has acidified the underlying
native materials.

Runoff and Seep Water Quality. Two water
samples were collected from a seep and runoff from
the walls of the Fortitude Pit to determine water
quality (Exponent 2000a, Appendix A17). This
information is useful for providing a guide for the
quality of water that could enter the pit after mine
closure if it were not backfilled, as well as for
comparison against leachates generated in kinetic
tests that are designed to simulate acid rock
drainage.

Analytical results for the seep and runoff showed
strongly acidic pH values of 3.0 and 3.2, sulfate
concentrations of 4,180 and 666 mg/L, and total
dissolved solids of 5,206 and 1,050 mg/L,
respectively. These values are well above State of
Nevada maximum contaminant levels (Table 3.2-3).
Additionally, the solutions also contained
concentrations of aluminum, beryllium, cadmium,
copper, iron, manganese, nickel, and zinc that
exceeded State of Nevada maximum contaminant
levels. The low pH values are consistent with those
observed in the kinetic tests conducted with rock
samples that had net neutralization potential values
less than 0.0 ton CaCO3/kiloton rock.

The pit rock from the Fortitude Pit had the highest
average net neutralization potential value of all the
pits, although the data showed considerable

variability. The other pits have lower average net
neutralization potential values, indicating that the
water quality of their runoff may be similar to or
worse than that observed for the Fortitude Pit.

3.2.2 Environmental Consequences

The primary issues related to water resources
include 1) reduction in surface and ground water
quantity for current users and water-dependent
resources from pit dewatering and production well
withdrawal; 2) impacts related to the water quality of
the postmining pit lakes; 3) impacts to ground and
surface water quality from the construction,
operation, and closure of mineral processing mills,
tailings storage facilities, heap leach facilities,
waste rock storage facilities, and other mining and
processing facilities; and 4) impacts from flooding,
erosion, and sedimentation associated with mine
construction, operation, or closure activities.

Impacts to water resources would be significant if
the Proposed Action or No Action alternative result
in the following:

Surface Water

• Measurable reduction in the baseflow of
perennial streams or in perennial spring flows

• Degradation of the quality of surface water
based on applicable state or federal regulations
for designated or appropriate beneficial uses,
including but not limited to, municipal or
domestic water supply, irrigation, livestock
watering, or support of terrestrial, avian, and
aquatic life

• Alteration of drainage patterns or channel
geometry resulting in accelerated erosion and
sedimentation

• Measurable reduction of seasonal surface flows
caused by withdrawal of contributing watershed
area or by channel blockages, if important for
biological resources

• Damage to project facilities and on- and off-site
resources during operation or postclosure as a
result of inadequate drainage control features
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Ground Water

• Reduction of static ground water levels that
could adversely affect water supply,
agricultural, or industrial wells caused by
project dewatering or postmining pit lake
development

• Degradation of ground water quality
downgradient from the project facilities such
that one or more water quality constituents
would exceed Nevada or federal primary or
Nevada secondary enforceable maximum
contaminant levels established to protect
human health from potentially toxic or
undesirable substances in drinking water; or
where the quality of the ground water already
exceeds the maximum contaminant levels for
drinking water, the quality would be lowered
such that it would render those waters
unsuitable for other existing or potential
beneficial use

Other potential impacts to wetlands and riparian
areas are discussed in the Vegetation section
(3.4) of this EIS. Potential impacts resulting from
the transportation, storage, and use of hazardous
substances are addressed in the Hazardous
Materials section (3.15).

3.2.2.1 Proposed Action

Water Quantity Impacts

Numerical Flow Modeling. A three-dimensional
numerical ground water flow model was developed
to estimate effects to ground water and surface
water resources from the mining alternatives
evaluated as part of this EIS. Specifically, the
numerical model was used to evaluate or estimate
the following: 1) mine dewatering rates required
(for each mine component) throughout the mine
life; 2) areal extent, magnitude, and timing of
drawdown and recovery of ground water levels
through the mining and postmining periods;
3) development of postmining pit lakes, ground
water inflow and outflow through the pits, and final
surface water elevations of the pit lakes (No Action
alternative); 4) postmining ground water elevations
in backfilled pits, and ground water inflow and
outflow through backfilled pits (Proposed Action);
5) changes in ground water levels over time
resulting from reduced recharge beneath waste
rock facilities; 6) changes in ground water levels

over time resulting from pumping from the
production well field and chloride mitigation well
field; and 7) changes in the water balance in the
Buffalo Valley and Lower Reese River Valley
hydrographic areas.

Baker Consultants, Inc. (1997a, 2000a) performed
the numerical modeling using the U. S. Geological
Survey ground water flow program MODFLOW.
MODFLOW was designed to simulate flow through
porous media. The MODFLOW model assumes
that ground water flow in the bedrock aquifer is
essentially equivalent, on a site and regional
scale, to porous media flow. A detailed
explanation of the conceptual hydrogeologic
model, modeling approach and setup, steady-state
and transient calibration, sensitivity analysis, and
simulations is presented in Baker Consultants, Inc.
technical reports (1997a, 2000a), available for
review at the BLM’s Battle Mountain Field Office.

The model domain is rectangular in shape and
encompasses the same general area as the
hydrologic study area shown in Figure 3.2-1,
except that the northern boundary of the model is
approximately 4 miles south of the northern
boundary of the study area. The reason for the
difference is that the northern boundary of the
model was selected to roughly match the
observed ground water divide in the Battle
Mountain range, which falls a few miles south of
the northern boundary of the hydrologic study
area. The model domain covers approximately
368 square miles and includes the project site,
Willow Creek, and parts of the Lower Reese River
Valley and Buffalo Valley hydrographic areas. The
numerical model contains seven layers to
represent the principal hydrostratigraphic units
identified in the hydrologic study area. In order to
provide more detailed flow information in the
project area, the grid cell dimensions vary
horizontally from 2,000 feet by 2,000 feet at the
outer margins of the model to 100 feet by 100 feet
in the mine area.  The more detailed discretization
in the mining area allows the model to more
accurately match observed hydrologic features
(such as fault zones and steep hydraulic
gradients), spring and well locations, mine pit
geometry, and ground water levels in the project
vicinity. In addition, the thickness of the model
blocks in each layer varies across the model
domain to represent the actual thickness of each
hydrostratigraphic unit represented. Blocks within
each layer are assigned hydraulic properties that
are believed to be representative of the
hydrostratigraphic units that exist in those areas.
Faults zones are represented in the model as a
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linear zone of cells with assigned fault hydraulic
properties. The hydraulic conductivity assigned to
the faults was calculated to yield the observed
head loss across the fault zone (Baker
Consultants, Inc. 1997a).

Pit Dewatering and Water Management.  Under
the Proposed Action, three of the proposed pits
(Reona, Phoenix and Midas) would extend below
the water table and therefore require dewatering.
The maximum depth of the Iron Canyon Pit is
above the water table and therefore is not
expected to produce ground water. The numerical
ground water flow model was used to estimate
dewatering requirements for each of these pits
throughout the mining operations. As shown in
Table 3.2-12, the average annual dewatering from
all pits is estimated to range from 150- to
1,500-gpm over the first 24 years of the project.
Between years 24 to 28, no pit dewatering is
expected.

In addition to mine dewatering, as shown in
Table 3.2-12, ground water pumping would
continue through the project life at extraction wells
PW-1, PW-2a, and PW-4 (Figure 2-4) to provide
clean water for mine process and mine
reclamation activities. Pumping also would
continue at CM-1 and proposed extraction wells
CCPW-1 and CCPW-2 (Figure 2-4) at a combined
rate of approximately 2,000 gpm for 26 years to
mitigate the chloride plume near the tailings
disposal area. Water extracted from the chloride
plume would be used for makeup water for the
heap leach and milling operations (Baker
Consultants, Inc. 2000a).

Impacts to Ground Water Levels. For this impact
analysis, the area that is predicted to experience a
change in ground water elevation of 10 feet or
more from mine dewatering and water
management activities was selected as the area of
potential concern regarding impacts to water
resources. Changes in ground water levels of less
than 10 feet generally were not considered in this
analysis because these changes would probably
be indistinguishable from natural seasonal and
annual fluctuations in ground water levels. For
comparative purposes, changes in water levels
represent the difference between the model
simulated ground water elevations and the
baseline ground water elevations that existed in
June 1996.

As described previously, the June 1996 ground
water elevations were selected as a baseline for

comparison since they represent a period of
relatively stable ground water conditions
compared to subsequent months and years (Baker
Consultants, Inc. 2000a).  Subsequent water
levels have been more variable due to response to
pit dewatering and periods of unusually high
precipitation.

Numerical model simulations of mine-induced
drawdowns resulting from the Proposed Action at
several different periods (years 25, 50, 75, 100,
150, 200 and 400) during the mining and
postmining period were evaluated to determine the
maximum depth, areal extent, and timing of
drawdown. Model year 1 represents the first year
of mining, and year 28 would be the final year of
active mining. Mine dewatering is expected to
cease at the end of year 24, and the pumping from
the production well field would cease in year 32
(Table 3.2-12).

As shown in Figure 3.2-13, in model year 25 (near
the end of mining), the cone of drawdown as
defined by the 10-foot drawdown contour is
predicted to extend approximately 9 miles in a
north–south direction and 7 miles in an east-west
direction. This drawdown actually represents the
merging of two cones of drawdown: one centered
at the mine area in Copper Canyon resulting from
pit dewatering, and one centered in the alluvial
basin at the chloride mitigation well field. The
maximum drawdown would occur near the end of
mining with approximately 650 feet of drawdown in
the Phoenix Pit area and over 50 feet of drawdown
in the chloride mitigation well field area.

By model year 50 (Figure 3.2-14) (26 years after
active mine dewatering ceases, and 19 years after
chloride plume pumping ceases), drawdown in the
alluvium in the vicinity of the chloride mitigation
well field is predicted to fully recover compared
with conditions at the start of the Proposed Action
mining period. Conversely, in the pit dewatering
areas in Copper Canyon, the areal extent of
drawdown is predicted to continue to expand after
mining ceases. Comparison of Figures 3.2-13,
3.2-14, and 3.2-15 illustrates that the drawdown
area centered in Copper Canyon is predicted to
continue to expand between model years 25, 50,
and 150. The cone of drawdown centered on
Copper Canyon is predicted to reach a maximum
areal extent at approximately model year 150,
measuring approximately 6 miles in a north-south
and 4 miles in an east-west direction. This cone of
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Table 3.2-12
Estimated Pit Dewatering and Well Field Production Rates

(Proposed Action)

PIT DEWATERING (gpm) PRODUCTION WELLS (gpm)

Model
Year

Phoeni
x Pit

Reona
Pit

Midas
Pit

Iron
Canyon

Pit
Total

All Pits
Well
Field

Chloride
Mitigation
Well Field

Total All
Production

Wells
1 600 0 0 0 600 1,990 2,000 3,990
2 200 0 0 0 200 2,116 2,000 4,116
3 150 0 0 0 150 2,116 2,000 4,116
4 150 0 0 0 150 2,116 2,000 4,116
5 150 0 0 0 150 2,116 2,000 4,116
6 150 0 50 0 200 2,116 2,000 4,116
7 150 0 100 0 250 2,016 2,000 4,016
8 150 0 100 0 250 2,066 2,000 4,066
9 150 0 0 (BF) 0 150 2,116 2,000 4,116
10 150 0 20 (BF) 0 170 2,146 2,000 4,146
11 150 0 40 (BF) 0 190 2,126 2,000 4,126
12 100 0 70 (BF) 0 170 2,146 2,000 4,146
13 150 0 0 (BF) 0 150 2,116 2,000 4,116
14 150 0 0 (BF) 0 150 2,116 2,000 4,116
15 150 20 0 0 170 2,146 2,000 4,146
16 150 100 0 0 250 2,066 2,000 4,066
17 150 0 (BF) 0 0 150 2,166 2,000 4,166
18 150 0 (BF) 0 0 150 2,166 2,000 4,166
19 150 0 (BF) 0 0 150 1,466 2,000 3,466
20 850 0 0 0 850 816 2,000 2,816
21 1,500 0 0 0 1,500 1,316 2,000 3,316
22 1,000 0 0 0 1,000 1,116 2,000 3,116
23 1,200 0 0 0 1,200 1,766 2,000 3,766
24 550 0 0 0 550 1,766 2,000 3,766
25 0 (BF) 0 0 0 0 2,316 2,000 4,316
26 0 (BF) 0 0 0 0 2,316 2,000 4,316
27 0 (BF) 0 0 0 0 416 400 816
28 0 (BF) 0 0 0 (BF) 0 1,100 0 1,100
29 0 0 0 0 0 350 0 350
30 0 0 0 0 0 350 0 350
31 0 0 0 0 0 350 0 350

Source:  Baker Consultants, Inc. 2000a.
BF= Backfill of pit underway.
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F 3.2-13 Predicted Change in Ground
Water Levels at Model Year 25 (Proposed Action)



3.0 AFFECTED ENVIRONMENT AND ENVIRONMENTAL CONSEQUENCES

3.2-44 Phoenix Project Draft EIS

F 3.2-14 Predicted Change in Ground
Water Levels at Model Year 50 (Proposed Action)
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F 3.2-15 Predicted Change in Ground
Water Levels at Model Year 150 (Proposed
Action)



3.0 AFFECTED ENVIRONMENT AND ENVIRONMENTAL CONSEQUENCES

3.2-46 Phoenix Project Draft EIS

drawdown would extend to the northeast into the
upper tributary areas of Galena Canyon (including
the Cow, Duck, Butte, Iron Canyon areas), east to
Philadelphia Canyon, and south to the edge of the
alluvial basin fill at the mouth of Copper Canyon.

After model year 150, the drawdown area
gradually contracts but is not predicted to fully
recover. At model year 400 (Figure 3.2-16), the
area encompassed by the 10-foot drawdown
contour would still extend into the upper Galena
Canyon and Philadelphia Canyon areas, and
south nearly to the valley fill at the mouth of
Copper Canyon. This long-term residual
drawdown pattern predicted for the Proposed
Action results from a substantial reduction in local
recharge predicted for areas to be covered by
reclaimed waste rock facilities.

The predicted maximum ground water recovery
elevations in the vicinity of the mine pits and the
estimated ground water flow rates through the
backfilled mine pits are presented in Table 3.2-13.
Based on the model results, the proposed backfill
elevations are anticipated to be adequate to
preclude pit lake development. Ground water is
predicted to flow through the saturated backfilled
pit material. Potential water quality impacts
associated with ground water outflow from the pit
backfill materials are discussed in the Water
Quality section presented below.

Pit Lake Development.  Under the Proposed
Action, all of the open pits that extend below the
water table would be completely or partially
backfilled to preclude pit lake development.
Therefore, no impacts associated with pit lake
development are anticipated.

Impacts to Perennial Streams and Springs. As
described above, mine-induced drawdown
resulting from the Proposed Action is predicted to
cause a reduction in ground water levels over an
area that extends outside of the project boundary.
For the purposes of discussion, the spring and
seep locations will be referred to throughout the
remainder of this section simply as springs. The
stream reaches and spring sites located in this
area can be characterized as either ephemeral or
perennial. Ephemeral stream reaches and spring
sites only flow during or after wet periods in
response to rainfall or runoff events. By definition,
these surface waters are not controlled by
discharge from the regional ground water system.
During the low-flow period of the year (late
summer through fall), ephemeral stream reaches
and spring sites would typically be dry. In contrast,
perennial stream reaches and springs generally
flow throughout the year. Flows observed during
the wet periods, that typically extend from spring
through early summer, include a combination of
surface runoff and ground water discharge,
whereas flows observed during the low-flow period
are sustained entirely by discharge from the
ground water system. If the flow from these
springs relies on the aquifer that is being
dewatered, a reduction of ground water levels
from mine-induced drawdown could reduce the
ground water discharge to perennial stream
reaches or springs located within the ground water
drawdown area. A reduction of flow in perennial
streams or springs could reduce the length of
perennial stream reaches, reduce spring flow, and
correspondingly reduce associated riparian/
wetlands areas.

Table 3.2-13
Predicted Final Ground Water Conditions in the Vicinity of the Backfilled Pits

Mine Pit

Backfill
Elevation
(feet amsl)

Predicted Final
Ground Water

Elevation

Predicted
Saturated

Thickness of
Pit Backfill

Predicted
Maximum

Ground Water
Inflow to Pit

Backfill
(gpm)

Predicted
Maximum

Ground Water
Outflow From

Pit Backfill
(gpm)

Phoenix Pit 6,060 6,020 1,040 144 105
Reona Pit 5,750 5,230 330 1 5
Midas Pit 5,200 - 5,700 4,870 – 5,080 0-360 25 22

Iron Canyon 5,830 5,230 0 NA NA

Source:  Baker Consultants, Inc. 2000a.
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F 3.2-16 Predicted Change in Ground
Water Levels at Model Year 400 (Proposed
Action)
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By the end of mining (model year 25), the
drawdown area (defined by the 10-foot drawdown
contour) is predicted to extend into the lower
perennial reach of Willow Creek (Figure 3.2-13).
As summarized in Section 3.2.1.2, the lower
perennial reach is characterized as a gaining
reach that is connected to the regional ground
water system. A reduction in ground water levels
in Willow Creek would likely reduce flows and
possibly reduce the length of the perennial stream
reach in this area. A reduction of flows in lower
Willow Creek is considered a significant impact.

The ground water model was used to evaluate
potential drawdown and recovery over time along
the lower perennial reach of Willow Creek. The
model results indicate that compared to baseline
conditions, the ground water elevations would fully
recover by approximately model year 40.  Any
reduction in flows that may have occurred due to
drawdown also are expected to recover to pre-
Phoenix Project conditions by this time.

Between model years 50 and 400, the cone of
drawdown is predicted to be located as close as
0.5 mile east of Willow Creek. Excluding local
perennial flows associated with spring discharge,
there are no other perennial streams located
within the predicted drawdown area.

As presented in Table 3.2-14, there are 10
inventoried perennial springs located within (or
near) the predicted Phoenix Project drawdown
area. The interconnection between these springs
and the regional bedrock system that would be
impacted by long-term, mine-induced drawdown is
not well understood. In the late summer and fall,
flow from these springs is supported entirely by
discharge from the ground water system. For this
evaluation, it was assumed that any spring that
was flowing during August, September, or October
was perennial and dependent upon ground water
discharge. It also was conservatively assumed
that all of the perennial springs located within the
drawdown area could potentially be
interconnected to the regional bedrock ground
water system, and therefore could potentially be
impacted. Impacts to these springs could range
from reductions in flow to elimination of all flow.
Spring 25, located near the mouth of Galena
Canyon, is the largest spring in the area with
measured flows of up to 20 gpm during the late
summer to fall period. All of the other perennial
springs identified in the drawdown area had flows
during the late summer to fall period of 3 gpm or
less, and most typically had flows of less than 1
gpm. In addition, most of these springs occur

within areas that are predicted to experience long-
term drawdown impacts. As a result, any flow
reduction or elimination that occurs is likely to
persist for the foreseeable future. Potential flow
reductions in these springs are considered a
significant impact.

Impacts to Surface Water Rights. As listed in
Table 3.2-15, there are six surface water rights
located within the predicted mine-induced
drawdown area. Information from the State
Engineer’s Office indicates that five of these are
used for irrigation, stock watering, or a
combination of irrigation/domestic supply. The one
remaining surface water right is used for milling
and domestic supply. Note that for the purpose of
this evaluation, all surface water rights or
applications owned or controlled by BMG were
excluded. The actual potential for impacts to
individual water rights would depend on the site-
specific hydrologic conditions that control surface
water discharge. Only those waters sustained by
discharge from the regional ground water system
are likely to be impacted. For surface water rights
that are dependant, at least in part, on ground
water discharge, a potential reduction in ground
water levels could reduce or eliminate the flow
available at the point of diversion for the surface
water right.

Impacts to Ground Water Rights. Potential
impacts to ground water rights were evaluated by
determining the potential drawdown and recovery
of ground water levels over time at the point of
diversion associated with inventoried ground water
rights. All of the ground water rights located within
the predicted mine-induced drawdown area
associated with the Proposed Action are listed in
Table 3.2-16. No other wells with water rights
status are predicted to be affected by mine
dewatering. There are five water rights located
within the drawdown area with Certificated or
Ready for Action status. According to the State
Engineer’s records, one of these water rights is
used for domestic supply, one is used for stock
watering, and the remaining three are used for
mining and milling, placer mining, or a combination
of mining and milling and domestic use. As shown
in Table 3.2-16, the timing and duration of
potential impacts varies for the different locations.
Most of the predicted decline in water levels is
predicted to eventually recover to nearly existing
conditions in the postmining period between model
years 150 and 400.



Table 3.2-14
Perennial Springs and Seeps Located Within or Near1 the Predicted Drawdown Area (Proposed Action)

Amount of Predicted Drawdown

Spring2 Location Description

Flow Range
(Aug, Sept,
Oct. 1995,

1996) (gpm)
Model Year 25

(feet)
Model Year 50

(feet)

Model Year
150

(feet)

Model Year
400

(feet)

Galena Canyon Drainage Area
23
(31-43-14-142)
Alluvial Spring

Galena
Canyon

Spring in alluvial channel 0-3 <10 10-30 10-30 10-30

25
(31-43-24-21)
Alluvial Spring

Galena
Canyon

Alluvial spring piped to home 12-20 <10 <10 10-30 <10

26
(31-41-3-34)

Cow Canyon Colluvial source 1.0-1.4 <10 10-30 10-30 <10

27
(31-43-3-323)

Cow Canyon Alluvial source 0-0.45 <10 <10 10-30 <10

293

(31-43-11-31)
Cow Canyon Alluvial, in channel source <1 <10 10-30 30-50 10-30

32
(31-43-15-12)

Duck Creek
Canyon

Adit discharge 0.55-0.88 10-30 10-30 30-50 <10

333

(31-43-15-122)
Duck Creek
Canyon

Colluvial spring trickel <10 10-30 30-50 10-30

37
(31-43-15-43)

Butte Canyon Adit discharge at pipe 0.13-0.74 10-30 50-70 100-150 70-150

Philadelphia Canyon Drainage Area
45
(31-43-27-44)

Spring discharge from old
drill hole

<1.0-0.71 50-70 250-300 200-300 200-250

Willow Creek Drainage Area
52
(31-43-4-33)

~ 0.6 mi. east
of Willow Ck.

Seep <0.5-0.5 <10 <10 <10 <10

1Includes all springs located within the 10-foot drawdown contour and springs located outside of, but within approximately 0.5 mile of, the 10-foot drawdown contour.
2Number in bold references springs in this EIS; number in parenthesis is the original spring number designation provided in JBR 1996d and 1996g.
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Table 3.2-15
Predicted Reduction in Ground Water Levels at Surface Water Rights Locations

(Proposed Action)

Model
Year 25

Model
Year 50

Model
Year 150

Model
Year 400

Map #
Application

Number
Permit
Status Use (feet)1

S1 0723 Vested Irrigation 30-50 30-50 30-50 <10
S3 01725 Vested Irrigation <10 10-30 30-50 10-30
S6 04228 Vested Stock 30-50 30-50 30-50 <10
S11 22759 Certificated Milling & Domestic 30-50 30-50 30-50 <10
S12 24497 Certificated Irrigation and Domestic <10 ~10 10-30 10-30
S13 28960 Certificated Irrigation and Domestic <10 10-30 30-50 10-30

1Numbers indicate the predicted reduction in ground water levels at the water right location.
Note: Excludes water rights owned or controlled by BMG.

Table 3.2-16
Predicted Drawdown and Recovery of Ground Water Levels at

Ground Water Rights Locations (Proposed Action)

Model
Year 25

Model
Year 50

Model
Year 150

Model
Year 400

Map #
Application

Number1
Permit
Status Use (feet)1

G3 22990 Certificated Milling 30-50 50-70 30-50 <10
G4 17860 Certificated Placer Mining >150 250-300 70-100 ~10
G6 24496 Certificated Domestic <10 10 30 10-30
G10 44755 Certificated Stock 10-30 None None None
G15 49141 Ready for

Action
(Protested)

Mining, Milling & Domestic 30-50 50-70 30-50 <10

G16 49142 Ready for
Action
(Protested)

Mining, Milling & Domestic 30-50 50-70 30-50 <10

1Numbers indicate the predicted reduction in ground water levels at the water right location, except a plus (+) indicates an increase in ground
water levels relative to existing conditions.

Note: Excludes water rights owned or controlled by BMG.

Lowering of water levels in water supply wells
located at these points of diversion could
potentially reduce yield, increase pumping costs,
or make the well(s) unusable if the water level is
lowered below the pump setting or below the
bottom of the well. Actual impacts would depend
on the site-specific conditions, well completion
details, and timing of the drawdown.

Impacts to the Regional Water Balance. The
hydrologic study area includes portions of the
Lower Reese River Valley and Buffalo Valley
hydrographic areas (Figure 3.2-1). The numerical
model was used to calculate annual budgets for
selected representative years to evaluate the
effects of mine-induced drawdown on the major
hydrologic components within each of these

hydrographic areas (Tables 3.2-17 and 3.2-18).
Ground water inflow components consist of
recharge, ranch irrigation, ground water inflow
across model boundaries, and ground water inflow
from the adjacent hydrographic area included in
the model domain. Ground water outflow
components include evapotranspiration from
phreatophyte areas and playas, ground water
pumpage at the Phoenix Project and from ranch
irrigation wells, outflow across model boundaries,
and outflow to the adjacent hydrographic area
included in the model domain.
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Table 3.2-17
Simulated Annual Ground Water Budget for the Lower Reese River Valley

Hydrographic Area for Selected Model Years
(Proposed Action)

Simulated
Pre-Development

Conditions
Model Year

25
Model Year

50
Model

Year 100
Budget Components (acre-feet)

Inflow

Precipitation Recharge:
       Battle Mountain Area
       Other Recharge

1,000
1,200

1,000
1,200

1,000
1,200

1,000
1,200

Ranch Irrigation Recharge 4,200 4,200 4,200 4,200

Ground Water Inflow
From Southern Boundary
From Eastern Boundary
From Northern Boundary
From Interbasin Flow

64,000
2,100

300
100

64,100
2,200

300
0

63,800
2,100

300
300

63,800
2,100

300
300

Total Inflow 72,900 73,000 72,900 72,900

Outflow

Evapotranspiration
     Phreatophyte Areas 17,500 17,500 17,500 17,500
Ground Water Outflow

From Southern Boundary
From Eastern Boundary
From Northern Boundary
From Interbasin Flow

1,800
37,200

6,300
0

1,700
37,200

6,300
400

1,900
37,300

6,300
0

1,900
37,300

6,300
0

Ground Water Pumping:
      Phoenix Project
      Ranch Pumping

----
10,000

----
10,000

----
10,000

----
10,000

Total Outflow 72,800 73,100 73,000 73,000
Outflow Minus Inflow -100 100 100 100

Source:  Baker Consultants, Inc. 2000a.
Note: Water balance values presented in the source document were rounded to the nearest hundred for presentation in
this EIS.
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Table 3.2-18
Simulated Annual Ground Water Budget for the Buffalo Valley Hydrographic Area

for Selected Model Years
(Proposed Action)

Simulated
Pre-Development

Conditions
Model Year

25
Model Year

50
Model

Year 100
Budget Components (acre-feet)

Inflow

Precipitation Recharge:
       Battle Mountain Area
       Other Recharge

2,300
1,100

2,300
1,100

2,100
1,100

2,200
1,100

Ranch Irrigation Recharge ---- ---- ---- ----

Ground Water Inflow
From North and West Boundaries
From South and Fish Ck. Mtns.
From Interbasin Flow

16,400
8,000

0

17,400
9,100

800

16,100
7,600

0

16,100
7,600

0
Total Inflow 27,800 30,700 26,900 27,000

Outflow

Evapotranspiration
      Playa Area
      Phreatophyte Areas

16,400
9,100

16,400
9,200

16,400
9,200

16,400
9,200

Ground Water Outflow
From North and West Boundaries
From South and Fish Ck. Mtns.
From Interbasin Flow

700
0

100

100
0
0

1,000
0

300

1,000
0

300
Ground Water Pumping:
      Phoenix Project
      Ranch Pumping

1,400
----

7,000
----

0
-----

0
----

Total Outflow 27,700 32,700 26,900 26,900
Outflow Minus Inflow -100 2,000 0 100

Source:  Baker Consultants , Inc. 2000a.
Note: Water balance values presented in the source document were rounded to the nearest hundred for presentation in
this EIS.



3.2 Water Resources and Geochemistry

Phoenix Project Draft EIS 3.2-53

The simulated water balance for the Lower Reese
River Valley hydrographic area indicates that the
project should have no major change to the water
balance components in this area, including outflow
to the north to the middle Humboldt River area.
For the Buffalo Valley hydrographic area, outflow
exceeds inflow when mine dewatering and
pumping from the chloride plume well field is
occurring. Ground water extracted at the mine
results in a reduction of ground water stored in the
hydrographic area. The water balance also
suggests that during this mining period, pumping
at the mine would result in a slight increase in
ground water inflow from areas located outside of
the model boundary and adjacent to the Buffalo
Valley hydrographic area.

Water Quality Impacts

All mine pits of sufficient depth to reach the ground
water table during mining would be backfilled with
waste rock to elevations sufficient to prevent the
formation of postmining pit lakes. The investigation
of water quality impacts has therefore focused on
the waste rock, heap leach, and tailings facilities
and the ore stockpiles.

Waste Rock Facilities. The Proposed Action is
expected to produce approximately 910 million
tons of waste rock. Waste rock would be placed in
pit backfill facilities and surface-deposited facilities
as summarized in Table 3.2-19. Waste rock facility
locations under the Proposed Action are shown in
Figure 2-4. Table 2-2 shows the proposed mining
schedule, including the origin and destination for
waste rock generated in each year of mine
operation.

Design. Waste rock facilities proposed for the
Phoenix Project include two types: pit backfill
facilities and surface-deposited facilities. Pit
backfill facilities would include complete (Iron
Canyon, Reona, and Midas pits and the existing
Minnie Pit) and partial (Phoenix Pit) backfill
designs. Schematic diagrams of pit backfill waste
rock facilities are shown in Figure 3.2-17. The
diagrams indicate the pits where ground water is
expected to rebound to levels that would inundate
pit backfill after dewatering ceases; this condition
is expected in the Phoenix, Reona, and Midas pits,
while backfill in the Iron Canyon Pit is expected to
remain dry. The Minnie Pit is expected to be dry in
the future, although some water accumulation was
observed in 1999, and the flow modeling results
(Baker Consultants, Inc. 2000a) predict that the pit
will fill to a depth of 19 feet. Potentially

acid-generating waste rock placed beneath the
predicted postmining water table would be
amended with hydrated lime or limestone.
Biological amendments may be used as an
alternative provided that bench- and field-scale
testing demonstrates adequate neutralization and
control of potential acid generation and metals
mobility.  The amended waste rock would be
overlain by non-amended waste rock, which would
be overlain by 5 feet of capping material (see
Section 2.4.18). The cap would be constructed to
provide a favorable environment for plant growth,
which would increase the fraction of precipitation
that is lost to evapotranspiration and therefore is
unavailable for infiltration.

Surface-deposited waste rock facilities would be
constructed over existing waste rock or copper
leach facilities or on undisturbed ground.
Schematic designs for surface-deposited waste
rock facilities are presented in Figure 3.2-18.
Surface-deposited facilities would be constructed
in phases, and early phases would be reclaimed
concurrent with construction of later phases to
minimize the time that waste rock is exposed to
atmospheric conditions. As with the pit backfill
facilities, 5 feet of capping material would be
constructed on all surface-deposited waste rock
facilities (see Section 2.4.18).

Site Conditions. The general geologic conditions
beneath the waste rock facilities are described in
Section 3.1.1.3. Pit backfill facilities and surface-
deposited facilities constructed in upland portions
of the project area would generally be underlain by
bedrock, while facilities constructed in down-valley
locations would generally be underlain by
alluvium.

The depth to ground water beneath the Proposed
Action surface-deposited waste rock facilities
would range from approximately 100 to 450 feet
(Exponent 2000a, Appendix B4) at the end of
mining. The ground water table would be
depressed beneath the facilities due to the loss of
recharge during the period of wetting front
migration through the facilities.

Geochemical Characterization and Impacts. Acid-
base accounting tests were conducted on 976
spatially distributed samples of rock from the four
proposed pits. As discussed in Section 3.2.1.4, no
general correlation of net neutralization potential
with rock type was observed, so waste rock has
been characterized based solely on the net
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Table 3.2-19
Waste Rock Facility Tonnages and Average Net Neutralization Potential

(Proposed Action)

Facility Waste Rock Volume Average NNP
Pit Backfill Waste Rock Facilities (million tons) (tons CaCO3/kton)
   Phoenix Pit 120,151 -53
   Iron Canyon Pit     4,700 -40
   Reona Pit   93,470 -1
   Midas Pit – North   70,239 -51
   Midas Pit – South   91,119 -59
   Minnie Pit     4,824 -73
                                                 Subtotal 384,503
Surface-deposited Waste Rock Facilities
   North Fortitude     5,000 -29
   Butte Canyon     1,294 -62
   Iron Canyon North     6,709 -50
   Iron Canyon South   29,373 -83
   Iron Canyon East   25,135 -86
   Philadelphia Canyon   44,445 -52
   Box Canyon   41,904 -44
   Natomas 349,932 -53
                                                 Subtotal 503,792
Ancillary Facilities
   Leach Pad Fill     6,092 -6
   Tailings Construction   13,500 -39
   Utility Corridor Fill     2,000 -3
                                                 Subtotal   21,592
Total million tons of waste rock/average NNP 909,887 -50

Source:  Exponent 2000a; Brown and Caldwell 2000d.

neutralization values. The vast majority of waste
rock was found to be net acid-generating, and all
waste rock facilities would have average net
neutralization potentials less than zero
(Table 3.2-19). Oxidized waste rock with positive
net neutralization potentials would be selectively
handled and used to construct caps for each
waste rock facility.

Exponent (2000a) modeled the short-term (up to
130 years) and long-term (beyond 130 years)
effects of infiltration of acidic leachate on ground
water quality beneath the Proposed Action waste
rock facilities by combining information on waste
rock chemistry, sulfide oxidation rates, and the flux
of water both within and beneath the facilities. The
predicted sulfate concentrations in ground water at
the downgradient edge of each facility are
presented in Table A-4 in Appendix A. No
substantial increases in sulfate concentration in
ground water beneath the waste rock facilities are
predicted for at least 60 years (approximately 32
years after completion of mining). Sulfate

concentrations would be highest beneath facilities
located in smaller hydrologic basins, which have
smaller recharge areas for ground water that flows
beneath the facility, and thus less dilution of waste
rock seepage. Maximum sulfate concentrations
are predicted to occur between 100 and
1,000 years, with concentrations subsequently
decreasing, although peak concentrations beneath
some facilities may not occur until after 1,000
years.

It is important to note that there is considerable
uncertainty associated with long-term predictions
of potential impacts to ground water quality
resulting from infiltration through the waste rock
facilities. Some of the sources of uncertainty
include 1) long-term precipitation and evapo-
transpiration rates, 2) potential changes in
moisture storage capacity over time within the
waste rock facilities, 3) potential for development
of preferential pathways through the waste rock
facilities, 4) long-term oxidation rates in the waste
rock facility, 5) unsaturated flow rates through the



3.2 Water Resources and Geochemistry

Phoenix Project Draft EIS 3.2-57

variable soil and fractured bedrock materials
beneath the facilities, and 6) long-term attenuation
potential both within the waste rock facilities, in the
underlying unsaturated soil and bedrock materials,
and within the ground water system.  For these
reasons, long-term predictions of increased sulfate
concentrations in ground water should be viewed
as indicators of long-term trends rather than
absolute values.  In other words, the predictions
suggest that without environmental protection,
there is a potential for leachate generated within
the waste rock facilities to eventually impact
ground water quality.

The prediction of impacts to ground water beneath
the waste rock facilities focuses primarily on
sulfate because it is considered a reliable, direct
indicator of the effects from oxidation of waste
rock. Sulfate also is among the most conservative
(i.e., most mobile in ground water) constituents
released from oxidation of waste rock and
therefore would provide the earliest indication of
effects on ground water quality. Other constituents
also would be present with sulfate in the waste
rock seepage; qualitative predictions of
constituents expected to be present in ground
water beneath the Proposed Action waste rock
facilities at concentrations above their drinking
water standards were provided by Exponent
(2000a, Appendix D2) and are summarized in
Table 3.2-20. These predictions are based on the
relative concentrations of sulfate and other
constituents in waste rock leachate. In general,
when sulfate concentrations exceed several
hundred milligrams per liter, other constituents are
present at concentrations above their respective
standards. The predictions of other constituents do
not account for any potential neutralization or
attenuation along flow paths.

The Proposed Action includes a Contingent Long-
term Groundwater Management Plan (Brown and
Caldwell 2000c) to be implemented as part of the
project. This plan includes long-term unsaturated
zone monitoring of all waste rock facility caps for
early detection of water migration through the caps
and of seepage migration from the toes of the
surface-deposited waste rock facilities. If evidence
of seepage infiltration toward ground water were
detected, affected ground water would be
captured within the project area to prevent
migration beyond the site boundary. Captured
ground water would be conveyed to a treatment
facility where it would be treated by lime
precipitation and membrane separation. Clean
water streams from the treatment facility would be

reinjected to the hydrographic basins in the
proportions in which the water was withdrawn to
minimize any effects on water quantity in the
various basins. Any remnant water treatment
streams with high constituent concentrations
would be evaporated. Any resultant sludge would
be stabilized or solidified and disposed of in a
sludge disposal cell located between the Natomas
Waste Rock Facility and the Heap Leach Facility.
As stated in Chapter 1.0, the BLM will determine
the amount of surety bond necessary to fund the
contingent ground water recovery and treatment
activities included in the Proposed Action.

Impacts to ground water quality from leachate
infiltration would be limited to areas upgradient of
the ground water capture well transects specified
in the Contingent Long-term Groundwater
Management Plan (Brown and Caldwell 2000c).
Proper monitoring, capture and treatment of any
impacted ground water would prevent degradation
of ground water downgradient of the collection
system. Therefore, significant impacts to ground
water downgradient of the collection system are
not anticipated.

The water quality impact due to runoff from
reclaimed waste rock facilities is expected to be
minimal based on MWMP testing. Some transient
impacts to runoff water quality may occur when
precipitation comes in contact with sulfidic waste
rock in the waste rock facilities during construction
and prior to capping or in ore stockpiles prior to
processing. Runoff water affected by sulfide
oxidation products would be captured and
managed in compliance with the Post-Reclamation
Conceptual Storm Water Management Design
(Brown and Caldwell 2000f). Therefore, no offsite
impacts to surface water quality from runoff are
expected.

Heap Leach Facilities.

Design and Site Conditions. The heap leach
pad site is underlain by quaternary alluvium.
The heap leach pad is designed to
accommodate approximately 48.3 million tons
of ore. The pad would be an expansion of
the existing heap leach pad; the expansion
design includes an 80-mil liner with a silt bed and
leak detection system under the liner. An
additional event pond would also be constructed
with a primary 60-mil liner high-density
polyethylene liner and secondary geomembrane
liner, with a leak detection system beneath the
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Table 3.2-20
Constituents Predicted to Exceed Drinking Water Standards

in Ground Water Beneath Waste Rock Facilities

Number of Waste Rock Facilities or Facility Clusters with
Concentrations Predicted to Exceed Drinking Water Standard in Ground

Water
Constituent Proposed Action No Action Alternative

Aluminum 19 of 19 11 of 11
Antimony 19 of 19 11 of 11
Arsenic 19 of 19 11 of 11
Barium 13 of 19 9 of 11
Beryllium 19 of 19 11 of 11
Cadmium 19 of 19 11 of 11
Chromium 12 of 19 9 of 11
Copper 19 of 19 11 of 11
Fluoride 17 of 19 9 of 11
Iron 19 of 19 11 of 11
Lead 19 of 19 11 of 11
Magnesium 13 of 19 9 of 11
Manganese 19 of 19 11 of 11
Mercury 19 of 19 10 of 11
Nickel 19 of 19 11 of 11
Selenium 17 of 19 9 of 11
Silver 5 of 19 4 of 11
Sulfate 19 of 19 10 of 11
Thallium 19 of 19 10 of 11
Zinc 19 of 19 11 of 11

Note: Based on Tables 1 and 2, Appendix D2, Exponent (2000a).

primary liner. All benefication facilities would be
contained to prevent releases to surrounding soils.
Further design details are included in
Section 2.4.13.

Impacts.  The heap leach facility is designed to
operate as a lined zero-discharge facility.
Monitoring would be conducted during operation
and closure to verify that no releases have
occurred. No impacts to water quality are
expected from heap leach operations.

Tailings Facilities.

Design. Tailing Areas #1, #2, and #3 would be
constructed in part over the existing inactive
tailings area. If additional tailings capacity is
required during the life of the project, an additional
tailings facility would be constructed in the South
Optional Use Area.  The facilities would include a
basal low-permeability soil barrier overlain by a
geomembrane liner. An underdrain system would
be placed over the liner to enhance tailings

dewatering. Additional details of the tailings facility
design are presented in Section 2.4.12.

Site Conditions. Tailings Areas #1 and #2 would
be constructed, in part, over existing copper
tailings material; Tailings Area #3 would be
constructed, in part, over existing gold tailings
material. The existing copper and gold tailings are
situated over alluvial sediments.  Alluvial
sediments also underlie the tailings facility that
may be constructed in the South Optional Use
area. The alluvial sediments generally consist of
unconsolidated sands and gravels with minor
amounts of silts and cobbles (Golder 2000a). The
depth to ground water in the area of the proposed
tailings facilities ranges from approximately 100 to
300 feet below the ground surface, and the aquifer
is considered highly transmissive (Golder 2000a).

Impacts. Humidity cell (kinetic) testing was
performed on 12 flotation tailings composites
produced from a mill pilot plant. These tests are
believed to be representative of some of the
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tailings material that would be deposited within the
tailings facilities.  The humidity cell tests were
performed to determine the potential of the solids
to generate acid and release constituents of
concern under simulated natural weathering and
oxidizing conditions.  The humidity cell testing
procedures and results of water quality testing are
presented in McClelland Laboratories, Inc. (2000a)
and are summarized in the following paragraphs.

These humidity cell tests were conducted for a
period of 23 weeks. The results of the testing
indicated that 9 of the 12 composite samples had
extract pHs generally below 3.  These tests
indicated that these 9 composite samples
displayed a potential to generate acid in a natural
weathering and oxidizing environment. The
remaining three composite samples displayed a
potential to neutralize rather than generate acid in
a weathering environment.

Tailings materials that generate acid are a
concern, since they tend to mobilize metals and
other constituents of concern that may be present
within these materials.  The humidity cell tests
confirmed that the nine tailings composite samples
with acid-generating potential also exhibited a
potential to mobilize metals.  One or more of the
acid-generating samples had concentrations of
arsenic, beryllium, cadmium, chromium, copper,
lead, mercury, nickel, and selenium that exceeded
primary drinking water standards (also known as
Maximum Contaminant Levels or MCLs) and
concentrations of aluminum, fluoride, iron,
manganese, sulfate, and total dissolved solids that
exceeded the secondary drinking water standards.
The three tailings samples that exhibited an
acid-neutralizing potential did not mobilize any
constituents above the primary drinking water
standards, but one or more of these samples
released iron, manganese, sulfate and total
dissolved solids in concentrations above the
secondary drinking water standards.

A lined pond was used during the pilot plant
operation to collect tailings pulp generated during
the operation and to provide recycled water for the
pilot plant.  Samples of the tailings supernatant
pond water were collected three times over the 30-
day pilot plant operational period (Lakefield
Research 1999).  The results of the test provide a
preliminary indication of the quality of the
supernatant fluids that would likely be ponded in
the tailings facilities. The pH of the pond water
ranged from 5.45 at day 0, to 5.83 at day 15 to

7.39 at day 30.  The pond water also contained
concentrations of cadmium, sulfate, total dissolved
solids, and zinc that were above the drinking water
standards in at least one sample event.

In summary, the results of the mill pilot plant tests
suggest that some of the tailings materials may be
net acid-generating.  In addition, without chemical
additives to adjust the pH, water ponded on the
tailings facilities could at times be acidic and
contain elevated metal concentrations. The
potential impacts to waterfowl or other wildlife that
may come in contact with solutions ponding on the
tailings facilities are addressed in Section 3.5.2.

Operation and closure of the tailings facilities are
not anticipated to have a significant impact to
surface or ground water quality outside the facility
because the facilities would be designed and
constructed for containment in accordance with
NAC 445A.437, 445A.437, and 445A.438 to
prevent discharge.

Ore Stockpiles. Three existing ore stockpiles
(Fortitude, Tomboy, and Northeast Extension) are
present at the site. These stockpiles would be
processed at the mill and leach facilities in years 4
and 5 of the proposed project. No ore stockpiles
would remain at the end of the Phoenix Project.
Rain or snowmelt that comes in contact with these
materials prior to processing could mobilize
oxidation products from these sulfidic materials.
The MWMP is the test most commonly used to
characterize contact of rocks at the ground surface
with rain or snowmelt water. The MWMP was used
to test neutral oxide rocks to be used in cap
construction for the Phoenix Project. The best
indication of the probable chemistry of meteoric
water after contact with ore stockpile material is
the kinetic humidity cell tests described in Section
3.2.1.4. The ore stockpile materials generally have
negative net neutralization potential and could
contribute acid, sulfate, and metals to runoff water
or to water infiltrating to underlying materials
during the mining period prior to closure. However,
runoff water affected by sulfide oxidation products
would be captured and managed in accordance
with the Storm Water Pollution Prevention Plan
(Brown and Caldwell 2000g) as discussed below.
Therefore, impacts associated with surface water
runoff are not anticipated.  Processing of these
existing stockpiles also would eliminate these
stockpiles as a potential source of long-term
ground water contamination.
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Storm Water Management

Design. Storm water runoff from the existing
project site has been controlled in accordance with
state and federal regulations pertaining to storm
water management and pollution prevention, as
described in Section 3.2.1. BMG has prepared five
primary documents (or document sections) for the
proposed project to address control of storm
events and site runoff. These documents
formulate the on-site water management program
in accordance with agency planning and permitting
requirements. Drainage controls would be
implemented during and after the proposed project
in accordance with these documents, which are
available for public review and are incorporated by
reference into this impact assessment. They
include:

• Application for Major Modification of Water
Pollution Control Permit NEV87061 (Brown
and Caldwell 1999a)

• Phoenix Project Storm Water Pollution
Prevention Plan (Brown and Caldwell 2000g)

• Phoenix Project Revised Plan of Operations,
Reclamation Plan (Brown and Caldwell 2000h)

• Phoenix Project Waste Rock Management
Plan (Brown and Caldwell 2000d)

• Phoenix Project Post-Reclamation Conceptual
Storm Water Management Design (Brown and
Caldwell 2000f)

The Water Pollution Control Permit addresses the
engineering design of control technologies to
protect the waters of the State in accordance with
Nevada Administrative Code 445A.397. This
permit application includes a meteorological and
water resources inventory, presents the design of
project components to control storm runoff and
manage process fluids used in beneficiation, and
describes leak detection systems and site
monitoring. Process fluid containment at the mill
and ancillary facilities, heap leach, and tailings
facilities are major features of the permit
application. Meeting these requirements would be
accomplished by the application of solution
collection systems and control technologies such
as engineered liners, pipelines, valves and sumps,
event ponds, and containment berms. The
commitments and approaches for tailings
neutralization, stabilization of heap leach

materials, materials management (including waste
rock), storm water pollution prevention, monitoring
and closure are included in the permit application
sections, and meet or exceed state requirements.
With regard to storm water management, key
requirements of the permit are outlined below.

• All process components would be designed to
withstand the runoff from a 24-hour storm
event with a 100-year recurrence interval. This
includes design of diversion ditches, pipelines,
and tailings impoundments.

• The primary fluid management system would
be designed to remain fully functional and fully
contain all process fluids including all
accumulations resulting from a 24-hour storm
event with a 25-year recurrence interval. This
requirement includes heap draindown from a
24-hour power outage, 110 percent draindown
of the largest solution tank, and two feet of
freeboard.

The Phoenix Project Storm Water Pollution
Prevention Plan (Brown and Caldwell 2000g) and
the Phoenix Project Post-Reclamation Conceptual
Storm Water Management Design (Brown and
Caldwell 2000f) address storm water management
over the entire proposed disturbed area and
adjacent lands, as well as potential discharges to
waters of the U.S.

The Storm Water Prevention Plan defines
drainage design and best management practices
for the proposed action over a 5-year timeframe in
accordance with current permit requirements from
NDEP. This plan will be periodically updated as
needed, and contains summary descriptions and
diagrams of the conceptual phased storm water
management program throughout project
operations. An extensive system of diversion
ditches, pipelines, and retention basins are
proposed to manage storm runoff from the project
area. In addition, best management practices are
identified to control erosion, and sedimentation,
maintain personnel training, handle materials,
respond to spills, and conduct periodic inspections
and maintenance.

Storm water drainage controls include retention
ponds at the base of proposed waste rock facilities
in the Butte Canyon, Iron Canyon, and
Philadelphia Canyon drainages. The existing
system of collection, piped conveyances, and
collection ponds (surge pond and overflow pond)
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present in Iron Canyon would remain in place or
be modified as needed during the Proposed
Action. Collected storm water in Iron Canyon
would be managed according to a variety of
approved methods. These may include
evaporation, industrial beneficial use, and/or water
treatment to an applicable standard or beneficial
use (e.g., agriculture). Any treated water not put to
beneficial use would be discharged at a location
downgradient and/or without a connection to
waters of the U. S. (Brown and Caldwell 2000g).
The existing Philadelphia Canyon system for
collection, piped conveyance, and the
evaporation/surge pond also would be maintained
and/or modified, as necessary (Brown and
Caldwell 2000g). The Copper Canyon evaporative
pond would serve as a source of make-up water or
would be conveyed via the current double-lined
piping system to the heap leach pad or the tailings
pond. The tailings facilities have been designed to
retain runoff contributions from the 100-year, 24-
hour storm event during project operations. Storm
water runoff would be diverted around the pits,
and any runoff originating within pit areas would
be pumped from pit floor sumps for use as make-
up water in the beneficiation facilities.

An important feature of storm water pollution
prevention for the site is the collection, monitoring
and potential treatment and/or re-use of surface
water runoff that comes into contact with waste
rock or pit backfill materials. An acidic runoff event
occurred from the Iron Canyon waste rock facility
in the spring of 1998 (Brown and Caldwell 1998c).
This event was produced by the rapid melt of
accumulated snow under substantial rainfall in late
March of that year. Although they occur less
frequently in comparison to other runoff events,
rain-on-snow events such as this can produce
much higher runoff volumes and flow magnitudes
than other storm types more common in the Basin
and Range. Acidic runoff (pH 3.0 to 3.5 in some
water samples) was produced from the Iron
Canyon event, and metals content also exceeded
drinking water criteria in several samples.
Subsequent studies indicated that storm water
infiltrating into the waste rock may have
encountered near-surface preferential flow paths
that contributed to the affected runoff (Brown and
Caldwell 1998c).

BMG responded to the situation with an interim
collection, monitoring, and treatment program that
included a PVC pipe collection network and a
portable lime-precipitation treatment plant. During
the same general timeframe, it was discovered

that acidic runoff was being produced at the toe of
a waste rock facility at the head of Butte Canyon
(Brown and Caldwell 1998c). The collection
system was expanded to capture this water and
convey it to the Iron Canyon treatment facility.
Further monitoring indicated that no adverse
impact to Galena Creek occurred from the
discharge of treated storm water runoff (Brown
and Caldwell 1998c). The interim treatment facility
has been converted to a permanent operation
involving an approximately 6.4-million-gallon surge
pond at the mouth of Galena Canyon. Under the
Proposed Action, a portable treatment plant would
be seasonally operated, with treated storm water
effluent being used for irrigation of downgradient
cropland. Monitoring would continue throughout
operations and until reclamation has been deemed
successful.

Impacts. Implications for the Proposed Action are
that similar events may occur at other waste rock
facilities. Results of baseline hydrochemical
analyses conducted by Exponent (2000a) indicate
that a substantial portion of the project waste rock
is potentially acid-generating, and that uncapped
sulfide waste rock would be subject to oxidative
weathering. As a result, surface water runoff from
such exposed materials is predicted to be acidic
and contain elevated levels of sulfate and
dissolved metals. Proposed concurrent
reclamation practices that promote the timely
covering of acid-generating waste rock with
capping material will help to minimize the risk of
acidic surface runoff (Brown and Caldwell 1998c).
In addition to best management practices to
manage storm water quantity, storm water controls
would be designed in operational areas to collect
runoff for evaporation, infiltration, and/or
temporary treatment, as necessary. Storm water
controls would be monitored pursuant to the
General Storm Water Permit conditions (Brown
and Caldwell 1999a). In addition, monitoring within
the cap materials and at the toes of waste rock
facilities would provide additional means of
identifying and controlling potential runoff impacts.

Given the commitment to meet or exceed state
and federal requirements for controlling and
monitoring storm runoff in the proposed project
area and adjacent lands, no impacts to surface
waters from runoff events are anticipated during
the initial operational phases covered by the Storm
Water Pollution Prevention Plan and the Water
Pollution Control Permit.
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The Phoenix Project Post-Reclamation
Conceptual Storm Water Management Design
(Brown and Caldwell 2000f) identifies a conceptual
approach for management of surface water during
and after the reclamation period, until the site has
been stabilized and closed in accordance with
NDEP and BLM regulations, guidelines, and
proposed site-specific monitoring programs.
During final reclamation of the Proposed Action
components, a system of open-channel
conveyance structures and sediment basins would
be constructed to safely collect and convey storm
runoff away from the reclaimed project area.
Where possible, a buffer zone of native material
would be maintained between the conveyance
structures and reclaimed surfaces. Soil liners
would be used beneath the diversions if they pass
over backfilled mine pits.

Postmining diversion and retention structures
would be designed to safely convey and retain
runoff from the 100-year, 24-hour storm event.
Detailed hydrologic and hydraulic modeling using
standard industry procedures has been conducted
to identify preliminary structure designs. The
locations of conveyance structures and a typical
cross section are shown in Figures 3.2-19 and
3.2-20, respectively. The location of sediment and
flood peak retention basins and a typical design
are shown in Figures 3.2-19 and 3.2-21,
respectively. All structures would be reinforced
where needed with stone riprap. Overflow from the
sediment basins would be discharged through
reinforced overflow spillways into existing
drainages. Runoff water quantity and quality
monitoring would occur at 14 new locations
adjacent to project components, and at
approximately 25 previous monitoring sites for
streams and springs within the study area. Surface
water monitoring is further described in the Water
Pollution Control Permit Application (Brown and
Caldwell 1999a) and in the Water Resources
Monitoring Plan (Brown and Caldwell 2000e).
Surface runoff that is acidic and/or carrying
excessive metals concentrations is not expected
to occur after the waste rock facilities have been
capped and revegetated. Contingency monitoring
and appropriate management responses
(including treatment if necessary) are being
proposed for the waste rock facilities. Soil
moisture measurements and suction lysimeter
sampling are among the techniques proposed.
These provisions are described in greater detail in
the Phoenix Project Contingent Long-term
Groundwater Management Plan (Brown and
Caldwell 2000c).

After reclamation and revegetation have been
deemed successful and the site has been
stabilized, the long-term storm water control
structures would gradually fail. Over time, runoff
and drainage functions would mimic those of
nearby natural watersheds. A freely draining
topography would be restored to the project
components (including the tailings impoundment
and other process or event ponds) and to the
overall storm water management system. Some
additional erosion and sediment transport would
occur during this unknown period of structural
adjustment until a watershed equilibrium has been
reached. These conditions are not anticipated to
pose significant risk or potential impacts to the
drainage systems.

Given the commitment to meet or exceed state
and federal requirements for controlling and
monitoring storm runoff in the proposed project
area and adjacent lands, in addition to the long-
term contingent monitoring and management plan,
no significant impacts to surface waters from
runoff events are anticipated during the operations
and reclamation phases of the Proposed Action.

Watershed Yield and Erosion, Sedimentation,
and Flooding Impacts. Most of the surface runoff
from higher elevations in the region is lost to
evapotranspiration or channel seepage into deep
alluvial deposits; this water loss also is typical of
surface water yields from the project area. In
addition, channel flows historically contributed by
project area drainages have varied due to
inconsistent seasonal precipitation and the history
of disturbance at the site. Other factors that have
caused variations in surface water yield among the
drainages are elevation and physiography,
geology and soil characteristics, vegetation, and
human land uses.

As discussed in Section 3.2.1, JBR (1996d,g) and
Baker Consultants, Inc. (1997a) have conducted
stream flow monitoring in the study area. The flow
data gathered during this monitoring program
(Table 3.2-21) provides a general indication of the
seasonal watershed yield for various sub-basins in
or near the study area. These estimates assume
that the stream flow measurements represented
average conditions for the quarter in which they
were made. The actual watershed yields may vary
based on measurement frequency or from other
considerations described above.
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F 3.2-19 Postreclamation Storm Water
Management Design (Proposed Action)
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Table 3.2-21
General Surface Water Yields

Sample
Site Stream

Cumulative
Drainage Area

(acres )

Elevation
Range

(feet, amsl)

Fall 1995
Yield

(inches)

Spring
1996
Yield

(inches)

Summer
1996
Yield

(inches)

Fall 1996
Yield

(inches)
31-43-23-21 Iron Canyon

Re-emergence
663 5,500 to 7,000 n/a 0.18 0 0

31-43-14-41 Butte Canyon 447 5,400 to 6,880 n/a 0.33 0 0
31-43-24-11 Galena Canyon 4,207 5,240 to 7,760 n/a 0.48 0 0
32-43-32-43 Upper Willow

Creek
1,351 6,500 to 8,230 0.20 2.35 0.75 0.74

32-43-5-34 Upper Willow
Creek

2,724 5,960 to 7,830 0.61 2.41 0.44 0.43

31-43-8-33 Upper Willow
Creek

3,376 5,740 to 7,080 0.92 2.57 0.41 0.38

Flow Data Source: JBR 1996d and Baker Consultants, Inc. 1997a.
n/a: data not available.

During early June 1996, additional measurements
were taken along Willow Creek below the
reservoirs (Baker Consultants, Inc. 1997a). These
measurements showed substantial flow variation
with increasing watershed area in the upper
reaches of the creek, and decreasing surface
water yields along lower Willow Creek where the
mountain front gives way to the alluvial fan
system.

Overall, these data indicate substantial variation
between basins, and within a given basin from
year to year or season to season. Higher surface
water yields are evident in the early spring and
summer, with decreasing or no surface water
yields in the later summer and fall. In addition,
basin elevation and seasonal precipitation affect
the surface water yield.

Aside from the spring runoff period, Willow Creek
data show increasing discharges with increasing
drainage area in the fall of 1995 and spring of
1996, but decreasing yields with greater drainage
area in the summer and fall of 1996. These
differences are probably due to changes in the
timing and distribution of precipitation and
snowmelt, as well as the effects of other
conditions such as near-surface ground water
flows. Although the available data are sparse,
substantial variations in surface water yields are
indicated for the study area.

Table 3.2-22 presents the estimated changes in
surface water yield resulting from topographic
modifications that would occur under the Proposed
Action. These topographic changes would
generally prohibit drainage areas from contributing
to surface water yields during operations, and in
some cases after reclamation and closure.  Under
the long-term post-reclamation conceptual storm
water management design for the Proposed
Action, storm water would be routed off the
reclaimed tailings site and be allowed to drain to
the alluvial fan system (Brown and Caldwell
2000g). This represents a change from the
existing conditions.

In addition to these potential yield modifications,
the stream flow monitoring data comparison
between Iron and Butte canyons suggests that
there are further yield losses associated with the
overall occurrence of mining disturbance in the
watershed. This may be partly explained by
existing storm water diversions and controls,
which would be expanded during the Proposed
Action. A system of sediment ponds and control
basins would be employed throughout the project
area during operations, which would cause further
yield reductions from those shown in Table 3.2-22.
The actual total reduction is unknown due to the
uncertainty of channel and pond seepages in the
storm water drainage network and drainage
restoration from concurrent reclamation practices.
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Table 3.2-22
Comparison of Surface Water Yields for Existing Conditions and Proposed Action

Proposed Project Facility

Net Contributing
Area Change2

During Proposed
Operations

(acres)

Yield Change2

During Proposed
Operations (acre-

feet /year)

Net Contributing
Area Change2

After Proposed
Reclamation

(acres )

Yield Change2

After Proposed
Reclamation

(acre-feet /year)
Pit Highwalls and Backfills -856.7 -70.7 -449.4 -37.1
Stockpiles -16.2 -1.3 0 0
Waste Rock Facilities1 -1,060.5 -87.5 0 0
Tailings Facilities -611.4 -50.4 1,396.1 115.2
Heap Leach -360.4 -29.7 0 0
Old Mill Area 38.4 3.2 0 0
New Mill Area -30.7 -2.5 0 0
Ancillary Facilities -11.2 -0.9 0 0
TOTAL -1,848.2 -239.8 946.7 78.1

1It is assumed that waste rock facilities would not directly drain from the proposed project area, and that prior to reclamation, much of the
 runoff from these areas would be retained in sediment basins or lost to evaporation and seepage.
2Negative changes indicate that losses would occur; positive changes indicate that gains would occur as existing facilities are reclaimed
 and site drainage restored.

However, it is likely that short-term reductions in
seasonal runoff in ephemeral drainages would
result in reduced surface water yield from the
project area. However, considering that most of
the seasonal runoff is lost to evaporation or
contributes to ground water recharge, these
potential reductions in surface water yield are not
anticipated to have a significant impact on surface
water resources in the hydrologic study area.
Potential impacts to wildlife habitat associated with
these localized reductions in surface water runoff
are discussed in Section 3.5, Wildlife Resources.
The net surface water yields are expected to
return to conditions that are approximately
equivalent to existing conditions (Table 3.2-22).
Therefore, no significant long-term reduction in
surface water yield is anticipated.

Overall, erosion and sediment yields from the
project area are not expected to increase
substantially, due to implementation of the storm
water pollution prevention program, which includes
provisions for erosion and sedimentation control,
and because of concurrent and post-mining
reclamation. BMG has demonstrated success with
its reclamation and revegetation approaches at the
Copper Basin site nearby and proposes similar
practices at the Phoenix Project. The postmining
reclamation surface is anticipated to have a
coarse, relatively non-erosive grain size
distribution that would limit erosion rates on project
components. Additional discussion of this topic is
presented in Soils and Reclamation, Section 3.3.

3.2.2.2 No Action Alternative

Water Quantity Impacts

Pit Dewatering and Water Management.  As
described in Section 2.3, the No Action alternative
consists of the continued operation and the
closure and reclamation of the currently permitted
Reona Project. The timing and duration of any
additional mining and ore processing under the No
Action alternative would depend on economic
conditions. Estimates of drawdown and recovery
under the No Action alternative were based on the
following assumptions (Baker Consultants, Inc.,
2000a):

1) No additional pit dewatering would occur.

2) Pits would not be backfilled, and pit lakes
would be allowed to develop.

3) Pumping would continue at extraction well
CM-1, and commence at new extraction wells
CCPW-1 and CCPW-2 at a combined rate of
approximately 2,000 gpm for an estimated 10
years to mitigate the chloride plume near the
tailings facility.

4) Pumping would continue at extraction wells
PW-1, PW-2A, PW-4, and CM-1 to provide
clean water for reclamation and other mine
uses.

The assumed ground water extraction rates used
to simulate ground water drawdown and recovery
under the No Action alternative are presented in



3.0 AFFECTED ENVIRONMENT AND ENVIRONMENTAL CONSEQUENCES

3.2-68 Phoenix Project Draft EIS

Table 3.2-23. Water extracted from the chloride
plume and the clean water well field would be
used for makeup water for the heap leach,
reclamation, and dust suppression activities.

Impacts to Ground Water Levels. As for the
Proposed Action, the area that is predicted to
experience a change in ground water elevation of
10 feet or more from mine dewatering and water
management activities was selected as the area of
potential concern for impacts to water resources.
Changes in water levels (drawdown and recovery)
represent the difference between the model-
simulated ground water elevations at
representative future points in time and the
baseline ground water elevations that existed in
June 1996. Model year 1 is the first year of the No
Action alternative, and model year 11 is the year
that ground water extraction would cease
(Table 3.2-24).

Numerical model simulations of mine-induced
drawdowns and recovery associated with the No
Action alternative at years 25, 50, 75, 100, 150,
200, and 400 during the postmining period were
evaluated to determine the maximum depth, areal
extent, timing and duration of drawdown and
recovery (Baker Consultants, Inc. 2000a). The
results for model years 25, 50, 150 and 400 are
presented in Figures 3.2-22 to 3.2-25,
respectively, to represent the simulated changes
in ground water conditions in the postmining
period. Note that for comparative purposes, the
selected model years (25, 50, 150, 400) are the
same as

those illustrated and discussed previously for the
Proposed Action (Figures 3.2-13 to 3.2-16).

As shown in Figure 3.2-22, in model year
25 ground water levels in the southern portion of
the Copper Canyon area are expected to be lower
than baseline conditions. The area of drawdown,
as defined by the 10-foot drawdown contour, is
predicted to extend approximately 2.5 miles in a
north–south direction and 2.5 miles in an east-
west direction centered on the Midas Pit area.
Maximum drawdown of up to 500 feet is predicted
to occur in the Midas Pit area caused by interflow
of ground water from existing bedrock boreholes in
this area to the alluvial aquifer (Baker Consultants,
Inc. 2000a). Between model years 25 and 400, the
areal extent of the drawdown is predicted to
remain relatively constant over the southern
Copper Canyon Area.

Two distinct areas of ground water recovery are
predicted to occur in the postmining period under
the No Action alternative: one centered in the
vicinity of the chloride plume mitigation well field
area, and another centered on the Fortitude Pit
area. In the chloride plume well field area, ground
water elevations would recover (or rise)
approximately 10 feet. Most of this recovery
occurs by model year 25 with some expansion of
the recovery area occurring out to model year 50.
After model year 50, there is little change in the
predicted recovery area suggesting that this area
reaches full recovery to premine conditions
between model years 25 and 50.

Table 3.2-23
Estimated Pit Dewatering and Well Field Production Rates

(No Action Alternative)

Production Wells
Model
Year

Pit
Dewatering

Well Field
(gpm)

Chloride Mitigation Well Field
(gpm)

Total All Production Wells
(gpm)

1 0 250 2,000 2,250
2 0 250 2,000 2,250
3 0 250 2,000 2,250
4 0 250 2,000 2,250
5 0 250 2,000 2,250
6 0 0 2,000 2,000
7 0 0 2,000 2,000
8 0 0 2,000 2,000
9 0 0 2,000 2,000
10 0 0 2,000 2,000
11 0 0 2,000 2,000

Source:  Baker Consultants, Inc. 2000a.
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F 3.2-22 Predicted Change in Ground
Water Levels at Model Year 25 (No Action
Alternative)
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F 3.2-23 Predicted Change in Ground
Water Levels at Model Year 50 (No Action
Alternative)
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F 3.2-24 Predicted Change in Ground
Water Levels at Model Year 150 (No Action
Alternative)
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F 3.2-25 Predicted Change in Ground
Water Levels at Model Year 400 (No Action
Alternative)
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Table 3.2-24
Predicted Recovery (or Increase) of Ground Water Levels

at Surface Water Rights Locations
(No Action Alternative)

Model
Year 25

Model Year
50

Model
Years 150

Model
Year 400

Map#
Application

Number1
Permit
Status Use (feet)2

S1 0723 Vested Irrigation None +10 > +50 +70 to
+100

S3 01725 Vested Irrigation None None +30 to +50 +30 to +50
S6 04228 Vested Stock None +10 +50 +70 to 100
S11 22759 Certificated Milling & Domestic None +10 +50 +70
S12 24497 Certificated Irrigation and

Domestic
None None +10 to +30 ~+30

S13 28960 Certificated Irrigation and
Domestic

None None +10 to +30 ~+30

1Includes both water rights and applications for water rights on file with the State Engineer’s Office.
2Plus (+) indicates a predicted increase in water levels compared to existing conditions

Ground water recovery is predicted to occur
around the Fortitude Pit area and over a broad
area located to the north of the Fortitude Pit.
Ground water levels are expected to gradually rise
more than 200 feet locally around the Fortitude Pit
as the pit lake develops. By model year 400
(Figure 3.2-25), ground water recovery, as
defined by areas that would experience a 10-foot
or greater increase in ground water levels, would
extend throughout the upper Willow Creek and
Galena Canyon areas.

Pit Lake Development. Under the No Action
alternative, pit dewatering would cease in the
Fortitude Pit, and the ground water elevation
would rebound and cause the formation of a pit
lake. The Fortitude Pit lake is predicted to begin to
form immediately and to continue to fill as the
water table continues to rise over the next several
hundred years. At 95 percent recovery (model
year 400), the pit lake is expected to have a
surface elevation of 6,050 feet amsl (Figure 3.2-
26), a depth of 285 feet, and a surface area of 38
acres.  In addition, at model year 400, the lake
would be near equilibrium conditions with inflow
approximately equal to outflow. The estimated rate
of inflow that time would include 45 gpm from
precipitation, 2.5 gpm from surface runoff, and 44
gpm of ground water inflow (from the north and
west side of the lake). The rate of outflow at this
time would include 55 gpm from evaporation, and
40 gpm of outflow (from the south side of the lake)
(Baker Consultants, Inc. 2000a).

In addition to the Fortitude Pit lake, a small pit lake
is predicted to form in the Minnie Pit. Ground
water modeling results predict that the Minnie Pit
lake would rise to a final equilibrium elevation of
5,649 amsl by approximate model year 20
(Figure 3.2-26), an estimated depth of 19 feet,
and have a surface area of approximately
4.4 acres. The estimated rate of inflow at that time
would include 5 gpm from precipitation, and 0.5
gpm from surface runoff; the rate of outflow would
include 5 gpm from evaporation. Under near
equilibrium conditions, the Minnie Pit lake is
expected to have limited interaction with the
surrounding ground water system (Baker
Consultants, Inc. 2000a). Water that was observed
in the bottom of the Minnie Pit in late 1999
disappeared in early 2000, probably due to
drainage by exploration boreholes drilled in this
area. Based on these recent observations, it
seems unlikely that ground water would
accumulate in the Minnie Pit in the future.

Impacts to Perennial Streams and Springs. As
discussed above, numerical modeling indicates
that a cone of drawdown would form in lower
Copper Canyon, and water levels would rise over
a broad area extending from upper Copper
Canyon north to the headwaters of Willow Creek.
There are no perennial stream reaches located
within or near the predicted drawdown area.
Therefore, impacts to perennial streams from
drawdown are not anticipated. The predicted long-
term rise in ground water levels could result in an
increase ground water discharge (in the form of
spring discharge to the stream) in the upper
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perennial reach of Willow Creek. The potential for
increased surface flow is considered a beneficial
impact on the stream.

Only one perennial spring (Spring 45) is located
within the predicted drawdown area
(Figures 3.2-22 to 3.2-25). This spring is located
within an area that is predicted to experience a
long-term reduction in ground water levels ranging
from approximately 30 feet at model year 25, to 50
to 70 feet at model year 150. Flow within this
spring may be reduced or eliminated. Any impact
that occurs to this spring is unlikely to recover in
the foreseeable future.

Impacts to Surface Water Rights.  None of the
surface water rights located in the project vicinity
occur within the drawdown area predicted for the
No Action alternative. Therefore, localized mine-
induced drawdown associated with the No Action
alternative is not likely to impact any water
resources associated with existing surface water
rights. Under the No Action alternative
(Table 3.2-24), ground water levels are predicted
to rise relative to existing conditions in the vicinity
of these surface water rights (Figures 3.2-22 to
3.2-25). For surface water rights that are
dependent, at least in part on ground water
discharge, a potential increase in ground water
levels could increase the flow available at the point
of diversion for the surface water rights.

Impacts to Ground Water Rights. An inventory
of ground water rights is summarized in
Section 3.2.1.3. Potential impacts to ground water
rights were evaluated by determining the potential
drawdown and recovery of ground water levels
over time at the points of diversion associated with
inventoried ground water rights. None of the
inventoried ground water rights located in the
project vicinity occur within the drawdown area
predicted for the No Action alternative Therefore,
localized mine-induced drawdown associated with
the No Action alternative is not likely to impact any
water resources associated with existing ground
water rights. As shown in Table 3.2-25, under the
No Action alternative ground water levels are
predicted to rise relative to existing conditions in
the vicinity of existing ground water rights
(Figures 3.2-22 to 3.2-25). The predicted
maximum rebound (or rise) in ground water levels
varies between the different ground water right
locations but ranges from approximately 10 feet to
over 100 feet. Actual impacts would depend on the
site-specific conditions, well completion details,

and timing of the water level rebound. Relatively
small changes in ground water levels (such as 10
or 20 feet) are unlikely to have any effect on water
supply wells at these locations. However, larger
increases such as those in the tens of feet to
hundreds of feet range could potentially increase
yield and reduce pumping cost.

Water Quality Impacts

Current mining operations as authorized by the
BLM and the State of Nevada would continue
under the No Action alternative. Upon completion
of mining the existing facilities would be closed
and reclaimed in accordance with current permits
and state and federal requirements. Features that
would remain at the site and that have been
evaluated for water quality impacts include pit
lakes and the existing permitted waste rock, heap
leach, and tailings facilities.

Pit Lake Water Quality.  A hydrochemical
evaluation of pit lake water quality under the No
Action alternative was conducted by Exponent
(2000a). The existing features that were evaluated
included the lake in the Fortitude Pit and shallow
(less than 10 feet deep) water bodies intermittently
present in the P-1 and P-2 depressions of the
Bonanza Pit.

Fortitude Pit Lake.  A lake formed in the Fortitude
Pit after pit dewatering stopped in January 1993.
Water samples were collected in summer 1995
through spring 1996, in December 1997 (Exponent
2000a), and in January 1999 (Exponent 2000a).
The results of the water quality analyses were the
primary basis for predictions of future water
quality, supplemented by nearby ground water
quality, pit wall-rock chemistry, runoff and seep
water quality, and predicted future hydraulic
conditions.

The water sampled from the Fortitude Pit lake had
neutral pH and met all Nevada primary drinking
water quality criteria. The water exceeded
secondary standards for iron, aluminum,
manganese, and sulfate. Water quality results for
the January 1999 sample are shown in
Table 3.2-26. Seep and runoff water entering the
pit lake were sampled and found to have low pH
(3.0 to 3.2) and metals concentrations in excess of
water quality standards, but this water was
neutralized upon entering the pit lake. The likely
cause of the observed neutralization is the outcrop
of Antler Peak limestone present in the pit bottom.
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Table 3.2-25
Predicted Recovery (or Increase) of Ground Water Levels at Ground Water Rights Locations

(No Action Alternative)

Model Year
25

Model Year
50

Model
Years 150

Model Year
400

Map#
Application

Number1 Permit Status Use (feet)2

G3 22990 Certificated Milling None +10 to +30 +50 to +70 +70 to +100

G6 24496 Certificated Domestic None None +10 to +30 ~+30
G10 44755 Certificated Stock None None None None
G15 49141 Ready for Action

(Protested)
Mining, Milling &
Domestic

None +10 to +30 +50 to +70 +70 to +100

G16 49142 Ready for Action
(Protested)

Mining, Milling &
Domestic

None +10 to +30 +50 to +70 +70 to +100

1Includes both water rights and applications for water rights on file with State Engineer’s Office.
2Plus (+) indicates increase in ground water levels relative to existing conditions.

Table 3.2-26
Selected Pit Lake Water Quality

Location
Nevada Drinking Water

Standards1 Fortitude Pit P-1 P-2
Analyte

(mg/L unless specified) Primary Secondary 1/5/99 10/6/98 3/30/98
pH (std. units) 6.5 - 8.5 7.29 3.66 5.1
Total dissolved solids 500, 1,000 850 2260 1090
Aluminum 0.05 – 0.2 0.231 7.06 <0.1
Antimony 0.006 <0.002 0.005 0.006
Arsenic 0.05 0.036 0.003 <0.025
Barium 2.0 0.022 0.024 <0.1
Beryllium 0.004 <0.002 0.004 <0.002
Boron 0.105 0.303 0.18
Cadmium 0.005 <0.002 0.083 0.0037
Calcium 140 314 113
Chloride 250, 400 17.9 121 88.3
Chromium 0.1 <0.008 <0.008 <0.025
Copper 1.3 1.0 0.014 12.1 <0.1
Fluoride 4.0 2.0 0.3 2.7 0.9
Iron 0.3, 0.6 9.25 2.43 11.9
Lead 0.015 <0.001 <0.001 <0.005
Magnesium 125, 150 50.8 141 66.9
Manganese 0.05, 0.1 1.83 10 1.22
Mercury 0.002 <0.0002 <0.0002 <0.0005
Nickel 0.1 <0.016 1.05 0.1
Nitrite+Nitrate as N 10 <0.02 <0.02 NR
Selenium 0.05 <0.002 0.014 <0.005
Silver 0.1 <0.005 <0.005 <0.025
Sulfate 250, 500 431 1450 591
Thallium 0.002 <0.001 0.001 <0.001
Zinc 5.0 0.173 6.59 <0.1

Source:  Exponent 2000a.
1 See Table 3.2-3 for more information on drinking water standards.
NS = No drinking water standards exist for this analyte.
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Metals and other constituents have been observed
to form solid precipitates as the water is
neutralized. These precipitates settle to the bottom
of the lake, but could potentially be redissolved or
made available to aquatic organisms under
seasonal lake turnover (mixing) conditions.

Over a longer period, the concentrations of
constituents in the Fortitude Pit lake could
increase due to evaporative concentration. The
solubility of gypsum (CaSO4.2H2O) would likely
provide an upper limit on the concentration of
sulfate at approximately 1,000 mg/L. Ground water
flow modeling (Baker Consultants, Inc. 2000a)
predicts that an outflow of pit lake water to
downgradient ground water would occur at a rate
of approximately 40 gallons per minute after
steady-state conditions are reached. This water is
predicted to have neutral pH and a sulfate
concentration of approximately 1,000 mg/L with
some constituents exceeding secondary drinking
water quality standards (Exponent 2000a).

P-1, P-2, and Minnie Pit Lakes. Shallow pit lakes
formed in the P-1 and P-2 depressions of the
Bonanza Pit in August 1997 (Exponent 2000a).
Water from these pits was sampled in 1998
(Table 3.2-26) and found to be below the Nevada
criterion for pH and to exceed water quality
standards for several metals. The ponded water
disappeared from the P-1 Pit in late 1998,
corresponding with a period of exploration drilling
in the area. The exploration borehole plugs may
not have functioned as designed after
abandonment and may have provided conduits to
drain a shallow saturated zone feeding the pond.
The most recent ground water modeling (Baker
Consultants, Inc. 2000a) indicates that the
Bonanza Pit depressions are expected to remain
dry in the future.

Water was observed at the base of the Minnie Pit
in late 1999, but disappeared in early 2000 before
it could be sampled. This disappearance also
corresponded with a period of exploration drilling.
While the most recent ground water modeling
predicts that the Minnie Pit would fill with water to
a depth of 19 feet, the recent spontaneous
drainage of this pit indicates that it also would be
likely to remain dry in the future. If water does
pond in the Minnie Pit, it would likely be acidic with
some elevated metals concentrations, as the
bedrock in this pit is not oxidized and no limestone
outcrops are present to neutralize acidic water.

Waste Rock Facilities.  There are 16 existing
surface-deposited waste rock facilities at the
project site (see Section 2.2.1 and Figure 2-2).
These facilities would be closed and reclaimed
with no change in area under the No Action
alternative.

Design. The existing waste rock facilities were all
constructed on native ground in lifts of 50 to
300 feet using end-dump techniques. Closure
activities are ongoing for many of the existing
facilities, and final closure and reclamation
requirements are subject to change based on
ongoing characterization activities. For the
purpose of characterizing the impacts from the
existing waste rock facilities under the No Action
alternative, it was assumed that the existing
facilities would remain in their current
configurations with minimal recontouring and
would be covered with a 2-foot thick vegetated cap
of oxide rock or other suitable growth medium.

Site Conditions. The depth to ground water
beneath the existing waste rock facilities ranges
from approximately 50 feet beneath portions of the
South Fortitude Waste Rock Facility to
approximately 400 feet beneath the Copper Leach
Facility in Philadelphia Canyon (Exponent 2000a,
Appendix B4). The general geologic conditions
beneath the waste rock facilities are described in
Section 3.1.1.3. Waste rock facilities constructed
in upland portions of the project area are generally
underlain by bedrock, while facilities constructed in
down-valley locations are generally underlain by
alluvium.

The Copper Leach Facility was leached with
sulfuric acid during past operations, and surface
seepage containing elevated sulfate and metals is
collected and treated as part of ongoing closure
activities.

Geochemical Characterization and Impacts.
Characterization of existing waste rock and copper
leach facilities was conducted by Exponent (2000a).
The geochemical testing program and results are
described in Section 3.2.1.4. Acid-base accounting tests
were conducted on 213 samples of existing waste rock,
with paste pH and moisture content also determined for
selected samples. The facilities were all found to be net
acid-generating, with the exception of the Natomas
Waste Rock Facility, which is composed primarily of
neutral material. Paste pH values were found to be
highest in the upper 10 feet of the Natomas Waste Rock
Facility, while paste pH values were consistently
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near 4 throughout the Copper Leach Facility.
Humidity cell tests of selected samples confirmed
that a net neutralization potential of zero is a
reliable cutoff value between acid-generating
(negative net neutralization potential) and neutral
(positive net neutralization potential) materials.

Exponent (2000a) modeled the short-term (up to
130 years) and long-term (beyond 130 years)
effects of infiltration of acidic leachate on ground
water quality beneath the existing waste rock
facilities by combining information on waste rock
chemistry, sulfide oxidation rates, and the flux of
water both within and beneath the facilities. The
predicted sulfate concentrations in ground water at
the downgradient edge of each facility are
presented in Table A-5 in Appendix A. Effects on
ground water quality beneath the waste rock
facilities are predicted to occur within 30 years at
numerous facilities under the No Action
alternative. Sulfate concentrations would be
highest beneath facilities located in smaller
hydrologic basins, which have smaller recharge
areas for ground water that flows beneath the
facility, and thus less dilution of waste rock
seepage. Maximum sulfate concentrations are
expected to occur between 100 and 1,000 years,
with concentrations subsequently decreasing. It is
important to reiterate that there is considerable
uncertainty associated with long-term predictions
of potential impacts to ground water quality
resulting from infiltration through the waste rock
facilities. Some of the key sources of uncertainty
are the same as those outlined previously in the
Section 3.2.2.1, in the discussion of Waste Rock
Facilities. Due to these uncertainties, long-term
predictions of increased sulfate concentrations in
ground water should be viewed as indicators of
long-term trends rather than absolute values.  The
predictions suggest that without mitigation, there is
a potential for leachate generated within the waste
rock facilities to eventually impact ground water
quality; however, the actual timing and magnitude
of these impacts is uncertain.

The prediction of impacts to ground water beneath
the waste rock facilities focuses primarily on
sulfate because it is considered a reliable, direct
indicator of the effects from oxidation of waste
rock. Sulfate also is among the most conservative
(i.e., most mobile in ground water) constituents
released from oxidation of waste rock and
therefore would provide the earliest indication of
effects on ground water quality. Other constituents
also would be present with sulfate in the waste

rock seepage, and qualitative predictions of
constituents expected to be present in ground
water beneath the waste rock facilities at
concentrations above their drinking water
standards were provided by Exponent (2000a,
Appendix D2) and are summarized in
Table 3.2-20. These predictions are based on the
relative concentrations of sulfate and other
constituents in waste rock leachate. In general,
when sulfate concentrations exceed several
hundred milligrams per liter, other constituents are
predicted to be present at concentrations above
their respective standards. It should be noted that
the predictions of other constituents are
conservative and do not account for any potential
neutralization or attenuation along ground water
flow paths.

Transient impacts to runoff water quality may
occur from the contact of sulfidic waste rock
currently present on the surface of the waste rock
facilities with precipitation. MWMP tests of waste
rock indicated that runoff from sulfide waste rock
could be acidic and contain dissolved sulfate and
metals at concentrations above water quality
standards. The effects on runoff water quality
would be expected to be minimal following closure
and construction of 2-foot thick caps on the
facilities.

Testing of the interaction of infiltrating water with
alluvium (Appendices A21 and B4, Exponent
2000a) indicated that the alluvium has some
capacity to neutralize acidic water, but that it also
contains some evaporite minerals that could
dissolve and release additional constituents to
infiltrating water. While the alluvium could
attenuate some metals, other trace constituents
were also released from the alluvium to the
infiltrating water in the tests. Attenuation of
constituents during migration through alluvium
beneath the waste rock facilities was not included
in the predictions of ground water concentrations.

The currently approved plans for the existing
facilities require characterization and mitigation at
any facilities expected to affect ground water
quality. However, there is no bonding requirement
currently in place to fund long-term monitoring and
mitigation for the No Action alternative.

Acid-base accounting tests and MWMP tests of
sulfidic waste rock (Exponent 2000a) indicate that
the rock has the potential to release acid, sulfate
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and metals to runoff water during storm events.
The State of Nevada permit for existing operations
requires that runoff water be collected if necessary
to prevent degradation of water quality.
Construction of 2-foot thick caps on existing
facilities would prevent the contact of storm water
with sulfidic waste rock. However, under the No
Action alternative, the cap requirements for
reclamation and closure of existing waste rock
facilities would be determined on a case-by-case
basis and depend on the site specific conditions.

The water quality impact from runoff from
reclaimed waste rock facilities is expected to be
minimal based on MWMP testing. Some transient
impacts to runoff water quality may occur when
precipitation comes in contact with sulfidic waste
rock in the waste rock facilities in their current
open configuration. Under the current plans,
surface water quality monitoring would continue
through the operational period, and for some
unspecified time in the postclosure period.  If the
monitoring detects that any surface water runoff
contains concentrations that exceed the applicable
water quality standards, runoff would be captured
and managed in compliance with the storm water
management plan. Runoff from waste rock
facilities following placement of the vegetated caps
is expected to be minimal. Therefore, no offsite
impacts to surface water quality from runoff are
expected. Additional information on storm water
management is provided below.

Closure and stabilization of existing waste rock
facilities would be accomplished under the State of
Nevada Water Pollution Control Act regulations,
and the applicable permits and work plans issued
in accordance with these regulations. Under these
regulations, BMG and NDEP are systematically
conducting facility characterizations and
implementing closure actions to minimize the
potential for degradation of waters of the State.
Closure actions would likely include placing non-
acid-generating caps over waste rock materials
that have a potential to generate acid. Exponent’s
(2000a) analysis indicates that even with a cap,
these waste rock piles would likely generate acid
leachate that would eventually infiltrate to ground
water. The NDEP can require verification
monitoring for up to 30 years after mining to
evaluate the need for additional mitigation
measures. However, the modeling results suggest
that percolation through many of these facilities
would take greater than 30 years to reach the
ground water table. Therefore, impacts to ground

water would likely appear after the 30-year
verification monitoring period. There is currently no
plan (or bonding) in place to mitigate the predicted
long-term infiltration from the waste rock facilities.
In addition, there is no proposal or requirement for
long-term monitoring of ground water quality either
at or downgradient of the facilities. Therefore,
under the No Action alternative, there is the
potential for long-term impacts to ground water
quality during the postclosure period. These
impacts to water quality are anticipated to
eventually exceed one or more Nevada or federal
primary or Nevada secondary enforceable
maximum contaminant levels for drinking water.
Therefore, this potential for ground water
degradation downgradient from the waste rock
facilities is considered a significant impact.

Heap Leach Facilities.

Design and Operation. The existing Reona Heap
Leach Facility consists of a lined heap leach pad
and associated beneficiation facilities. Leach
operations are ongoing under the current Reona
Project and could continue under the No Action
alternative. The leach pad is lined to allow
collection of leach solutions and to prevent their
infiltration to ground water.

Closure and Reclamation. The heap leach pad
and associated event pond would be closed and
reclaimed in accordance with the BLM’s cyanide
management plan and Nevada water quality
regulations. All residual leach solution would be
allowed to drain from the pile, and the pile would
then be rinsed with water until residual
concentrations of cyanide and other constituents
meet relevant Nevada standards. The pile would
then be recontoured to allow for placement of
growth medium and reseeded. Any residual
solutions in the event pond would be evaporated,
and the sediments would be tested for hazardous
characteristics. Any hazardous sediments would
be disposed of according to applicable regulations.
The pond liner material would be removed and
buried in the pond area, which would be backfilled
or reshaped to prevent collection of water.
Monitoring of ground water quality would be
conducted during and after closure as required
under the existing plan of operations.

Impacts. Operation of the heap leach facility is not
anticipated to have significant impacts to water
quality, since the facility is designed to operate as a
lined facility with little seepage and runoff. Proper
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closure of the facility under the No Action
alternative would further minimize the potential for
impacts to water quality during the postclosure
period.

Tailings Facilities.

Design and Site Conditions. The inactive gold and
copper tailings facilities are underlain by native
ground. Alluvium beneath the tailings is estimated
to be at least 400 feet thick.

A chloride plume currently exists in the alluvial
ground water beneath the tailings impoundment.
This plume has been addressed under the current
Water Pollution Control Permit. In accordance with
permit conditions, ground water from the plume is
currently recovered by extraction wells and used
for dust suppression on the mine site.

Closure and Reclamation. The tailings facility
would be recontoured to a 1 percent grade and the
surface compacted to provide a hydraulic barrier.
Above the compacted surface, an 18- to 24-inch
drain layer would be placed to reduce infiltration
and prevent erosion. The drain layer would be
covered with growth medium and revegetated.
The natural Copper Canyon drainage would be
diverted around the reclaimed tailings facility.

Impacts. The current chloride plume at the existing
tailings facility is considered an existing condition
and is not an impact of the No Action alternative.
The plume would be mitigated as required under
the current Water Pollution Control Permit. No
additional water quality impacts would be
expected from the inactive tailings facility under
the No Action alternative.

Ore Stockpiles.   Three existing ore stockpiles
(Fortitude, Tomboy, and Northeast Extension) are
present at the site. Ore from these stockpiles
could be processed under the currently permitted
Reona Project as part of the No Action alternative.
Any ore stockpiles remaining at the end of the
Reona Project would be closed in the same
manner as described above for waste rock
facilities. Rain or snowmelt that comes in contact
with these materials prior to closure could mobilize
oxidation products from these sulfidic materials.
The best indication of the chemistry of meteoric
water after contact with ore stockpile material may
therefore be the kinetic humidity cell tests
described in Section 3.2.1.4. The ore stockpile
materials generally have negative net
neutralization potential and could contribute acid,

sulfate, and metals to runoff water or to water
infiltrating to underlying materials during the
mining period prior to closure.

Storm Water Management

Design. Existing mining operations in Copper
Canyon (including the Reona Project components
and non-Reona Project components as described
in Chapter 2) comprise disturbance similar to the
proposed Phoenix Project. In addition, these
existing operations are administered under agency
permitting requirements and compliance
responsibilities similar to the Proposed Action.
With regard to surface water resources, these
permits and commitments include:

• Reclamation permits and plans of operations
for the Reona Project and the overall Battle
Mountain Complex (BMG 1993; BMG and
WESTEC 1993)

• Water Pollution Control Permit NEV87061 and
amendments, administered by the Nevada
Division of Environmental Protection for the
Fortitude/Reona components

• Water Pollution Control Permit NEV90019 for
the Surprise Heap Leach facilities

Under the regulatory requirements and agency
guidance at the time these documents were
approved, the control of storm flow runoff, process
fluids, erosion, and sedimentation were required.
Meteorological and hydrologic inputs as well as
engineering design reports were used to
determine drainage management for storm water
and containment technologies for process
components under the Water Pollution Control
Permit. Reclamation permits and plans of
operation (and associated sureties) require
recontouring and drainageway re-establishment,
revegetation, and other controls on erosion and
sedimentation. These permits and associated
monitoring and control programs are in effect for
the existing operations and would remain in effect
with appropriate updates throughout the No Action
operations and reclamation.

There are differences in the post-mining
topography between the Proposed Action and the
No Action alternative as described in Chapter 2.
Primarily, these topographic differences involve
reclamation of the open pits and tailings facilities.
Open pits would essentially remain in their
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operational configuration (with modifications for
public safety) under the No Action alternative. In
addition, storm runoff generated on reclaimed
tailings surfaces would evaporate within the
reclaimed facility under the No Action alternative
reclamation plan.

Watershed Yield and Erosion, Sedimentation,
and Flooding Impacts. Using the inputs and
assumptions for surface water yield that were
described in Section 3.2.2.1, the following
changes in yield were estimated for the No Action
alternative.

Table 3.2-27 is based on topographic changes
that would generally prohibit drainage areas from
contributing to surface water yields during
operations and after reclamation of the No Action
alternative. These reductions in surface water
yield are not anticipated to be significant.

The No Action alternative contains provisions for
restricting the contact of precipitation and
snowmelt with waste rock materials having low net
neutralization potential using selective handling
and isolation of potentially acid-producing
materials (BMG 1993). In addition, Natomas
placer wastes would be covered during the Reona
Project.

Surface water quality monitoring would continue,
and potential impacts to surface water quality
would be controlled by collection and treatment in
a manner similar to the 1998 Iron Canyon event.
In addition, Water Pollution Control Permit
NEV87061 includes provisions for a "Work Plan
and Schedule of Compliance" dated 1997 that
provides for review and evaluation of water quality
issues at the Fortitude Complex in order to
develop and implement a comprehensive program
for the physical and geochemical stabilization and
closure of all Duval and BMG facilities on the site
(BMG and WESTEC 1993).

Assuming that this program is rigorously pursued
and accompanied by monitoring and inspection
activities during the operations, closure, and
reclamation phases of the No Action alternative,
no significant impacts to surface water resources
are anticipated.

3.2.3 Cumulative Impacts

The water resources and geochemistry cumulative
effects area comprises the Lower Reese River

Valley hydrographic area to the northeast; the
Buffalo Valley hydrographic area to the southeast,
south, and west; and the Humboldt River to the
north, which includes a portion of the Clovers
hydrographic area (Figure 3.2-1). Drawdown
impacts are predicted to be localized around the
mine area and are not expected to have a
significant impact on the water balance within the
Lower Reese River or Buffalo Valley hydrographic
areas or affect the Humboldt River. Potential
drawdown impacts would not interact with other
ground water extraction areas associated with
other mines or agricultural or municipal uses;
therefore, cumulative impacts associated with
drawdown are not anticipated.

Water quality impacts associated with the
Proposed Action are not anticipated to occur
beyond the permit boundary; therefore, no
contribution to cumulative water quality impacts in
the area is expected. Long-term infiltration through
waste rock facilities under the No Action
alternative could result in water quality impacts.
These long-term impacts could result in a potential
incremental increase in sulfate and metals loading
to the ground water aquifers in the Lower Reese
River and Buffalo Valley hydrographic areas.
However, the potential flow contribution is
relatively small compared to the volume of water
stored in the alluvial basin aquifer systems.

The physical setting of the Battle Mountain
Complex is such that the surface water and
sediments yielded from source areas in the project
watershed drain to Buffalo Valley, which is a
closed saline/alkaline evaporative system, or to
the saline/alkaline alluvial fan system along the
Reese River drainage. The Reese River, with a
drainage area of more than 2,000 square miles,
only contributes substantial flows to the Humboldt
River during infrequent periods of exceptional
runoff (Eakin and Lamke 1966). In the period 1862
through 1963, the Reese River flowed over its full
course into the Humboldt River only seven times,
and these occurrences were during extreme floods
(Nevada Department of Conservation and Natural
Resources and U.S. Department of Agriculture
1964). The Reese River is typically dry in its lower
reaches. Analyses based on site-specific data
compared to more general regional
reconnaissance data indicate that relatively little
surface water yield originates from project area
drainages, and this yield would not be significantly
affected over the long term. Intermittent or
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Table 3.2-27
Comparison of Surface Water Yields1 for Existing Conditions and the No Action Alternative

No Action
Project Facility

Net
Contributing
Area Change

During
Operations

(acres)

Yield Change
During

Operations
(acre-feet /year)

Net
Contributing
Area Change

After Permitted
No Action

Reclamation
(acres)

Yield Change
After

Reclamation
(acre-feet /year)

Pit Highwalls and Backfills -43.7 -3.6 -43.7 -3.6
TOTAL -43.7 -3.6 -43.7 -3.6

1Negative value indicates a reduction in surface water yield.

ephemeral flows that are produced from higher
elevations are generally lost to evapotranspiration
and seepage on the extensive downgradient
alluvial fan systems. No additional cumulative
impacts to surface water flows, watershed yields,
or erosion and sedimentation are anticipated from
either the Proposed Action or the No Action
alternative.

3.2.4 Monitoring and Mitigation
Measures

A comprehensive Water Resources Monitoring
Plan (Brown and Caldwell 2000e) has been
developed to establish a network of surface water
and ground water monitoring stations for both
water quantity and water quality at the Phoenix
Project area. The plan addresses the monitoring of
new project facilities that may have the potential to
affect waters of the State, or pose a risk to the
environment and human health. Water quantity
measurements would include diversion rates from
ground water pumping and surface beneficial use,
water levels in monitoring wells and piezometers,
and flow rates of springs, streams and other
surface water monitoring locations associated with
storm water controls. Water quality monitoring of
surface water resources would be conducted twice
a year and consist of field parameter
measurement (pH, conductivity, and temperature).
Water quality monitoring of ground water
resources would consist of quarterly
measurements of these same field parameters
and collection and analysis for the NDEP Profile I
list of constituents.

The proposed surface water monitoring locations
are presented in Figure 3.2-27; proposed ground
water monitoring locations are presented in
Figure 3.2-28. Under this monitoring plan, BMG
would monitor surface water quality and flow at

13 existing surface water monitoring locations,
10 existing spring locations, and 14 new surface
water monitoring locations. BMG also would
monitor ground water quality in 19 existing
monitoring and pumping wells and 27 new
monitoring wells. Monitoring associated with new
facilities would be phased in over the life of the
project. In addition, water levels in 49 existing
monitoring wells would be monitored. Monitoring
for new facilities would be initiated early enough to
define downgradient baseline water quality prior to
construction and operation of the proposed
facilities. Monitoring results would be provided to
NDEP and BLM on a quarterly basis and
summarized in an annual report. Monitoring of
surface and ground water diversion rates would be
submitted to the Nevada Division of Water
Resources on a monthly basis and summarized in
an annual report. The timeframe for continued
monitoring during closure and into the
postreclamation period is not specified in the
Water Resources Monitoring Plan (Brown and
Caldwell 2000e).

As part of the Waste Rock Management Plan
(Brown and Caldwell 2000d), BMG would install
unsaturated zone monitoring devices at the
downgradient edge of each waste rock facility
Figure 3.2-29) to monitor performance of the
waste rock facilities. These devices would be
installed to collect quarterly pore water samples
for analyses of NDEP Profile II constituents in the
cap, the underlying waste rock material, and the
substrate materials immediately beneath the
facilities. Analytical results, interpretations, and
recommendations associated with this unsaturated
flow performance program would be submitted in
an annual Waste Rock Management Report.
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F 3.2-27 Proposed Surface Water
Monitoring Locations
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F 3.2-28 Proposed Ground Water
Monitoring Locations
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F 3.2-29 Proposed Unsaturated Flow
Monitoring Locations
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Installation and monitoring would be initiated
immediately after final facility construction and
reclamation. The time frame for continued
monitoring of the waste rock facilities in the
postreclamation period is not specified in the
Waste Rock Management Plan (Brown and
Caldwell 2000d) or Contingent Long-Term
Groundwater Management Plan (Brown and
Caldwell 2000c).

As proposed in mitigation measures S-1 and S-2,
in Section 3.3.2 (Soils and Reclamation), the
perimeter fence would be maintained, and a
grazing management plan would be implemented
during reclamation and in the postreclamation
period.  These measures are intended in part to
minimize potential damage to the reclaimed caps
covering the waste rock disposal facilities.

A contingent long-term ground water management
plan (Brown and Caldwell 2000c) also has been
developed by BMG for implementation if impacts
to ground water quality beneath the waste rock
facilities are anticipated. This plan specifies
installation of a series of ground water recovery
wells downgradient of the project facilities within
the project boundary. In the event that unsaturated
zone monitoring indicates that seepage from the
base of a waste rock facility is occurring, ground
water would be pumped from the recovery wells
and the recovered water treated and reinjected.

Long-term monitoring and contingent long-term
ground water management are integral parts of
the Proposed Action. The following additional
monitoring and mitigation measures are
recommended to further reduce or eliminate
potential impacts to water resources from the
Proposed Action.

WR-1: Long-term Monitoring. Numerical
simulations indicate that a perennial segment of
Willow Creek, several spring sites, and existing
surface and ground water rights could be affected
by mine-induced drawdown of regional ground
water levels. BMG would be responsible for
continued monitoring and reporting of changes in
ground water levels and surface water flows, as
specified in the Water Resources Monitoring Plan
(Brown and Caldwell 2000e) in the
postreclamation period. BMG would provide the
monitoring results, describe any deviations from
the original predictions, and propose modifications
to the monitoring plan, if appropriate, in an annual
report to both the Nevada Division of Water
Resources and the BLM. The combined surface

and ground water monitoring results would be
used to trigger the implementation of measures
WR-3 and WR-4 to mitigate impacts to surface
water resources. Monitoring and reporting would
continue until all impacts to water resources have
been mitigated. Monitoring would cease with
approval of both the Nevada Division of Water
Resources and the BLM.

WR-2: Little Cottonwood Canyon Inventory and
Monitoring. Prior to the initiation of mine
dewatering, a baseline inventory would be
performed to locate and characterize any
perennial waters, including spring source areas
and perennial stream reaches located in the south
tributary of Little Cottonwood Canyon (Section 1,
2, and 3, Township 31 North, Range 43 East).
The inventory would be performed in 2001 during
the low-flow period (late September through mid-
October) to establish baseline flow and water
quality conditions (major ion, trace elements, and
isotope geochemistry).  The inventory also would
include site observations of hydrogeologic
conditions, photographs, and description and
mapping of wetland vegetation.  Based on the
results of the inventory, BLM or BMG may
recommend that additional representative
spring(s) be added to BMG’s surface water
monitoring program. BMG’s spring inventory and
recommendations regarding additional spring
monitoring would be submitted to the BLM for
approval.

WR-3: Perennial Springs and Streams Flow. The
comprehensive Water Resources Monitoring Plan
(Brown and Caldwell 2000e) would be expanded
to include all 10 spring sites included in Table 3.2-
14, and at least three flow monitoring locations
along the lower perennial reach of Willow Creek.
Monitoring of these surface water resources would
include annual flow measurements during the low-
flow season (late September through mid-
October). In addition, a stream gage coupled with
a shallow ground water monitoring well, would be
established to continuously monitor flows and
shallow ground water elevations on Willow Creek.
This monitoring station would be installed in the
gaining perennial reach below the Willow Creek
reservoirs between Baker Consultants, Inc. flow
monitoring stations 10 and 11 (Baker Consultants,
Inc. 1997a) (shown as BC-10 and BC-11 on
Figure 3.2-3), or another approved location within
this stream reach.  If monitoring indicates that flow
reductions have occurred and that these
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reductions are likely the result of mine-induced
drawdown, the following measures would be
implemented:

1. The Nevada Division of Water Resources and
the BLM would evaluate the available
information and determine if mitigation is
required.

2. If mitigation is required, BMG would be
responsible for preparing a detailed, site-
specific plan to enhance or replace the
impacted perennial water resources. Mitigation
would depend on the actual impacts and
site-specific conditions and could include a
variety of measures such as flow
augmentation on-site or off-site surface water
improvements, or other approved measures.
Flow augmentation could be implemented to
maintain flows and functional riparian and
aquatic habitats at pre-project levels. The
source of water for flow augmentation could
include water piped from another nearby
source or water supplied by a well drilled into
an underlying aquifer near the affected spring
or stream.  Discharge from the well to the
surface could be maintained by natural
artesian flow, wind generation, or by an
electric pump powered by commercial
electricity or solar power generation.  Other
possible mitigation measures include
a) improving existing stream or spring sites to
enhance water yield collection and/or
b) developing or improving other nearby
streams or springs to offset the loss in flow.

3. An approved site-specific mitigation plan
would be implemented followed by monitoring
and reporting to measure the effectiveness of
the implemented measures.

4. If initial implementation were unsuccessful, the
Nevada Division of Water Resources or the
BLM may require implementation of additional
measures.

WR-4:  Water Rights. BMG would be responsible
for monitoring ground water levels between the
mine and water supply wells, ground water rights,
and surface water rights as part of the
comprehensive monitoring program. Adverse
impacts to water wells and water rights would be
mitigated, as required by the Nevada Division of
Water Resources. For impacts to wells, mitigation
could include lowering the pump, deepening an
existing well, drilling a new well for water supply
wells, or providing a replacement water supply of

equivalent yield and general water quality. For
surface water rights, mitigation could require
providing a replacement water supply of
equivalent yield and general water quality.

WR-5: Additional Long-term Water Quality
Monitoring. The Water Resources Monitoring Plan
(Brown and Caldwell 2000e) includes surface
water and ground water quality monitoring.  Under
this monitoring plan, the duration of monitoring in
the postmining period would depend on the
requirements set forth in the NDEP Water
Pollution Control Permit for the Phoenix Project.
Under current Nevada regulations (NAC
445A.446), NDEP could require monitoring for up
to, but not exceeding, 30 years after permanent
closure of a facility. As stated in the impact
assessment, there is a potential for infiltration
through the waste rock facilities to impact ground
water quality in the long-term (>30 years after
permanent closure).  The Contingent Long-term
Groundwater Management Plan (Brown and
Caldwell 2000c) is designed to prevent
degradation of ground water quality in the
postclosure period.   In addition to the monitoring
measures set forth in the Contingent Long-term
Groundwater Management Plan, the BLM, in
coordination with applicable state agencies, may
require BMG to provide funding for additional
monitoring of ground water quality in the
postmining period. Long-term monitoring of ground
water quality may be required to 1) assist in
evaluating the need to implement the Contingent
Long-term Groundwater Management Plan,
2) verify that ground water quality has not been
impacted, and/or 3) demonstrate that impacted
ground water has been fully captured by the
ground water management system. Specific
details regarding supplemental ground water
quality monitoring associated with the Contingent
Long-term Groundwater Management Plan are
provided in mitigation measure WR-6.

WR-6:  Supplemental Measures to the Contingent
Long-term Groundwater Management Plan (Brown
and Caldwell 2000c).  The Contingent Long-term
Groundwater Management Plan specifies
measures to monitor the unsaturated zone at the
downgradient edge of each waste rock facility and
to implement a response plan to capture and treat
affected ground water, if necessary.  The following
additional monitoring and mitigation measures
would supplement the Contingent Long-term
Groundwater Management Plan.
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1. If long-term unsaturated zone monitoring of
water quality at the toe of a waste rock facility
indicates that leachate from the facility is
migrating downward beyond the depth of the
unsaturated zone monitoring points, a site-
specific ground water monitoring plan
(including ground water monitoring locations,
monitoring well design, sampling frequency,
sample protocols, and reporting) would be
developed, and submitted for approval by the
BLM in coordination with applicable state
agencies, within 60 days of detection.

2. After approval, the site-specific ground water
monitoring system would be installed and
maintained to monitor ground water quality
immediately downgradient of the waste rock
facility on at least an annual basis. The
combined information from the unsaturated
zone and ground water monitoring system
would be used by the BLM, in coordination
with applicable state agencies, to implement
the ground water extraction and treatment
system in specific areas, as necessary, to
prevent impacts to ground water quality
downgradient of the defined extraction points
identified in the Contingent Long-term
Groundwater Management Plan.

3. If extraction and treatment become necessary,
additional monitoring would be implemented
downgradient of the extraction wells to verify
that the degraded water has been fully
captured by the ground water extraction
system.

4. Any unsaturated zone monitoring or ground
water monitoring required would continue until
the potential risk of ground water
contamination has been shown to be minimal
as determined by the BLM in coordination with
other applicable agencies.

In addition, BMG and BLM would continue to
evaluate other appropriate technologies for
prevention of water quality impacts.  Ground water
quality impacts would be mitigated by either
implementation of the measures defined in the
Contingent Long-term Groundwater Management
Plan or by other appropriate measures approved
by the BLM in coordination with other applicable
agencies.

WR-7: Minnie Pit. The Water Resources
Monitoring Plan (Brown and Caldwell 2000e)
would be expanded to include monitoring for water

ponded in the existing Minnie Pit. If standing water
is observed in the Minnie Pit prior to backfill, the
backfill material placed in the potential ground
water saturation zone would be amended with
lime, limestone, or other suitable amendment to
neutralize acid formed by ground water contact, to
preclude ground water quality impacts from
interaction of ground water with sulfide oxidation
products formed from weathering of the backfilled
waste rock material.

WR-8: Tailings (Supernatant) Pond Fluids. Fluids
ponded on the tailings facilities could at times
have a low pH and contain elevated trace metal
concentrations that may be toxic to waterfowl and
other wildlife.  The following monitoring and
mitigation measures would be used to mitigate
potential impacts to waterfowl and other wildlife
associated with the supernatant pond fluids.  The
pH of any ponded fluids contained within the
tailings facilities will be monitored on a daily basis,
and the water quality of the pond will be analyzed
on a quarterly basis for NDEP’s Profile II list of
constituents. If deleterious supernatant pond water
quality is detected, the pH of the fluids would be
adjusted using chemical alkalinity additions (such
as hydrated lime, milk of lime, or sodium
hydroxide) to increase the pH and correspondingly
reduce trace metal concentrations to non-toxic
levels.

3.2.5 Residual Adverse Effects

The placement of proposed waste rock facilities is
predicted to reduce recharge and result in a cone
of drawdown around the project site that extends
up to 4 miles in an east-west direction and 5 miles
in a north-south direction in the Battle Mountain
range (Figure 3.2-15). Successful implementation
of mitigation measures would eliminate most
residual adverse effects to water resources.
However, a permanent reduction of surface
discharge associated with drawdown would
constitute a residual adverse effect.

No residual adverse effects on water quality or
surface water flows, erosion, or sedimentation are
anticipated from the Proposed Action with the
implementation of monitoring and mitigation
measures.  Geochemical modeling (Exponent
2000a) suggests that the No Action alternative
could potentially result in long-term residual
impacts to ground water quality.
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